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VACCINE COMPOSITION 



FIELD OF THE INVENTION 

The present invention relates to the field of Gram-negative bacterial vaccine 
5 compositions, their manufacture, and the use of such compositions in medicine. More 
particularly it relates to the field of useful Gram-negative bacterial outer membrane 
vesicle (or bleb) compositions comprising heterologously expressed Chlamydia 
antigens, and advantageous methods of rendering these compositions more effective 
and safer as a vaccine. 

10 

BACKGROUND OF THE INVENTION 

Chlamydiae are obligate intracellular Gram negative bacteria which replicate 
only in cytoplasmic inclusions of eukaryotic cells. They have a unique developmental 
cycle which is represented by two major forms, the spore-like elementary body (EB) 

15 which is the infectious form transmitted from cell to cell, and the non infectious, 
metabolically active reticulate body (RB) which replicates within the host-cell. 

Of the four known chlamydial species, Chlamydia trachomatis and C 
pneumoniae are the important human pathogens. The recently defined species C. 
pneumoniae (Grayston 1989) is now recognized as a major cause of respiratory tract 

20 infections (Grayston 1993) and data are now growing for an association with 
atherosclerosis. The association is supported by seroepidemiological studies, studies 
demonstrating the presence of the bacterium in the atherosclerotic lesions, studies 
showing C. pneumoniae capability to replicate in the different cell types present in the 
atheroclerotic lesions, interventional trials with antibiotics in patients with coronary 

25 artery disease and experimental respiratory tract infection in rabbits or apolipoprotein- 
E deficient mice which leads to inflammatory changes in the aorta (Danesh 1997, 
Fong 1997, Laitinen 1997, Moazed 1997). Overall, those data implicate C. 
pneumoniae as a causative and/or aggravating factor of atherosclerosis. 

C. trachomatis is a major human pathogen; transmitted from human to human 

30 (there is no known animal reservoir), it causes ocular and genital infections which can 
result in long term sequelae. Trachoma, a chlamydial ocular infection, is endemic in 
several developing countries and is the world's leading cause of preventable blindness 
with millions people affected by the disease. Genital chlamydial infections constitute 
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the most common bacterial sexually transmitted disease (STD) worldwide. In 1996, 
WHO generated a new set of global estimates for four major STDs drawing an 
extensive review of the published and unpublished prevalence data (Gerbase 1998). It 
has been estimated that in 1995, 4 and 5.2 million new cases of C trachomatis 
infection occured in individuals aged 15-49 for North America and Western Europe, 
respectively; worlwide, C trachomatis totalized an estimate of 89.1 million new 
cases. Collectively, data show higher infection rates in women as compared to men 
(Washington 1987, Peeling 1995, Gates 1991); higher incidence is found in adolescent 
and young adults, approximately 70% of the chlamydial infections being reported in 
the 15-24 years of age group (Peeling 1995). 

There is a clear need for effective vaccines against Chlamydia trachomatis and 
Chlamydia pneumoniae. 

Outer membrane vesicles (blebs) 

Gram-negative bacteria are separated from the external medium by two 
successive layers of membrane structures. These structures, referred to as the 
cytoplasmic membrane and the outer membrane (OM) 5 differ both structurally and 
functionally. The outer membrane plays an important role in the interaction of 
pathogenic bacteria with their respective hosts. Consequently, the surface exposed 
bacterial molecules represent important targets for the host immune response, making 
outer-membrane components attractive candidates in providing vaccine, diagnostic 
and therapeutics reagents. 

Whole cell bacterial vaccines (killed or attenuated) have the advantage of 
supplying multiple antigens in their natural micro-environment. Drawbacks around 
this approach are the side effects induced by bacterial components such as endotoxin 
and peptidoglycan fragments. On the other hand, acellular subunit vaccines containing 
purified components from the outer membrane may supply only limited protection and 
may not present the antigens properly to the immune system of the host. 

Proteins, phospholipids and lipopolysaccharides are the three major 
constituents found in the outer-membrane of all Gram-negative bacteria. These 
molecules are distributed asymmetrically: membrane phospholipids (mostly in the 
inner leaflet), lipooligosaccharides (exclusively in the outer leaflet) and proteins (inner 
and outer leaflet lipoproteins, integral or polytopic membrane proteins). For many 
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bacterial pathogens which impact on human health, lipopolysaccharide and outer- 
membrane proteins have been shown to be immunogenic and amenable to confer 
protection against the corresponding disease by way of immunization. 

The OM of Gram-negative bacteria is dynamic and, depending on the 
environmental conditions, can undergo drastic morphological transformations. Among 
these manifestations, the formation of outer-membrane vesicles or "blebs" has been 
studied and documented in many Gram-negative bacteria (Zhou, L et al 1998. FEMS 
Microbiol Lett 163: 223-228). Among these, a non-exhaustive list of bacterial 
pathogens reported to produce blebs include: Bordetella pertussis, Borrelia 
burgdorferi, Brucella melitensis, Brucella ovis, Chlamydia psittaci, Chlamydia 
trachomatis, Esherichia coli, Haemophilus influenzae, Legionella pneumophila, 
Neisseria gonorrhoeae, Neisseria meningitidis, Pseudomonas aeruginosa and 
Yersinia enterocolitica. Although the biochemical mechanism responsible for the 
production of OM blebs is not fully understood, these outer membrane vesicles have 
been extensively studied as they represent a powerful methodology in order to isolate 
outer-membrane protein preparations in their native conformation. 

Examples of bacterial species from which bleb vaccines can be made have 
been reviewed in WO 01/09350 (incoiporated by reference herein). For example, N. 
meningitidis serogroup B (menB) excretes outer membrane blebs in sufficient 
quantities to allow their manufacture on an industrial scale. Such multicomponent 
outer-membrane protein vaccines from naturally-occurring menB strains have been 
found to be efficacious in protecting teenagers from menB disease and have become 
registered in Latin America. An alternative method of preparing outer-membrane 
vesicles is via the process of detergent extraction of the bacterial cells (EP 1 1243). 

SUMMARY OF THE INVENTION 

The present inventors have found that Gram-negative bacterial blebs are an 
ideal context to present Chlamydia outer membrane proteins. In particular gonococcal 
blebs are useful in the case of presenting C trachomatis OMPs and meningococcal 
blebs are useful in the case of presenting C. pneumoniae OMPs. This is because a) 
these outer-membrane proteins can integrate into such blebs in a native (or near- 
native) conformation thus retaining a useful immunological effect; b) blebs 
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(particularly from Neisseria strains) can be produced in industrial quantities, c) blebs 
may be mucosally administered, and d) the combination of Chlamydia antigens with 
native bleb antigens can have important interactions for certain conditions such as 
salpingitis. 

The present invention thus provides advantageous Gram-negative bacterial 
bleb preparations (derived from bleb-producing bacterial strains listed above, and 
preferably not derived from Chlamydia) presenting on its surface one or more 
recombinant (and preferably heterologous) protein antigens from Chlamydia 
trachomatis or Chlamydia pneumoniae. Advantagous vaccine formulations and 
methods of administration are also provided. 



DESCRIPTION OF THE INVENTION 

The present invention provides a Gram-negative bacterial bleb presenting on 
its surface one or more outer membrane protein from Chlamydia. 

In the context of this application the term "presenting on its surface" indicates 
that the Chlamydia protein should be exposed to the outer surface of the bleb and 
tethered to the outer membrane (preferably by being integrated into the outer 
membrane). Most preferably it should take up its native fold within the heterologous 
bleb context. 

An efficient strategy to modulate the composition of a Bleb preparation in this 
way is to deliver one or more copies of a DNA segment containing an expression 
cassette comprising a gene encoding said Chlamydia outer membrane protein into the 
genome of a Gram-negative bacterium. 

A non exhaustive list of preferred bacterial species that could be used as a 
recipient for such a cassette includes: Bordetella pertussis, Borrelia burgdorferi, 
Brucella melitensis, Brucella ovis, Chlamydia psittaci, Chlamydia trachomatis, 
Esherichia coli, Haemophilus influenzae, Legionella pneumophila, Neisseria 
gonorrhoeae, Neisseria meningitidis, Pseudomonas aeruginosa and Yersinia 
enterocolitica. Neisseria meningitidis, Neisseiria gonorrhoeae, Moraxella 
catarrhalis, Haemophilus influenzae, Pseudomonas aeruginosa, Chlamydia 
trachomatis, Chlamydia pneumoniae are more preferred for this purpose, and 
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Neisseria gonorrhoeae and Neisseria meningitidis are most preferred for making the 
blebs of this invention. Preferably the Chlamydia OMPs are expressed heterologously, 
and in such situations Chlamydia strains should not be used to make the blebs of the 
invention. 

5 The gene(s) contained in the expression cassette may be homologous (or 

endogenous) (i.e. exist naturally in the genome of the manipulated bacterium) or, 
preferably, heterologous (i.e. do not exist naturally in the genome of the manipulated 
bacterium). The introduced expression cassette may consist of unmodified, "natural" 
promoter/gene/operon sequences or engineered expression cassettes in which the 

10 promoter region and/or the coding region or both have been altered. A non-exhaustive 
list of preferred promoters (preferably strong) that could be used for expression 
includes the promoters porA,porB, IbpB, tbpB 9 p!10, 1st, hpuAB from N meningitidis 
or N gonorroheae, the promoters p2, p5, p4, ompF, pi, ompH, p6, hin47 from K 
influenzae, the promoters ompH, ompG, ompCD, ompE, ompBl, ompB2, ompA of 

15 M catarrhalis, the promoter ApL, lac, tac, araB of Escherichia coli or promoters 
recognized specifically by bacteriophage RNA polymerase such as the E. coli 
bacteriophage T7. 

In a preferred embodiment of the invention the expression cassette is delivered 
and integrated in the bacterial chromosome by means of homologous and/or site 

20 specific recombination (as discussed in WO 01/09350 incorporated by reference 
herein). Integrative vectors used to deliver such genes and/or operons can be 
conditionally replicative or suicide plasmids, bacteriophages, transposons or linear 
DNA fragments obtained by restriction hydrolysis or PCR amplification. Integration is 
preferably targeted to chromosomal regions dispensable for growth in vitro, A non 

25 exhaustive list of preferred loci that can be used to target DNA integration includes 
iheporA, porB, opa, opc, rmp, omp26, lecA, cps 9 IgtB genes of Neisseiria meningitidis 
and Neisseria gonorrhoeae, the PI, P5, hmwl/2, IgA-protease, fimE genes of NTHi; 
the lecAl, lecA2, omp!06 r uspAl, uspA2 genes of Moraxella catarrhalis. 
Alternatively, the expression cassette used to modulate the expression of bleb 

30 components) can be delivered into a bacterium of choice by means of episomal 
vectors such as circular/linear replicative plasmids, cosmids, phasmids, lysogenic 
bacteriophages or bacterial artificial chromosomes. Selection of the recombination 
event can be selected by means of selectable genetic marker such as genes conferring 
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resistance to antibiotics (for instance kanamycin, erythromycin, chloramphenicol, or 
gentamycin), genes conferring resistance to heavy metals and/or toxic compounds or 
genes complementing auxotrophic mutations (for instance pur, leu, met, aro). Blebs 
may be made from the resulting modified strain. 
5 The expression of some heterologous proteins in bacterial blebs may require 

the addition of outer-membrane targeting signal(s). The preferred method to solve this 
problem is by creating a genetic fusion between a heterologous gene and a gene 
coding for a resident OMP as a specific approach to target recombinant proteins to 
blebs. Most preferably, the heterologous gene is fused to the signal peptides sequences 
10 of such an OMP. 

A particularly preferred application of this invention is the introduction of 
Chlamydia (trachomatis or pneumoniae) protective antigens (preferably outer 
membrane proteins) into Gram-negative bacterial blebs (preferably not from 

15 Chlamydia strains). This has several advantages including the fact that such blebs (and 
vaccines comprising them) are extremely suitable for mucosal administration, which 
is beneficial as a mucosal (IgA) immune response against the Chlamydia antigens 
present in the bleb will be more protective against Chlamydia infections which 
manifest themselves in the mucosa. Recombinant bacteria capable of producing blebs 

20 of the invention, processes of making such bacteria, and processes of making bleb 
preparations are further aspects of this invention. 

Chlamydia trachomatis antigens integrated into a Gram negative bacterial bleb 

A particularly prefeixed embodiment is in the field of the prophylaxis or 
25 treatment of sexually-transmitted diseaseses (STDs). It is often difficult for 
practitioners to determine whether the principal cause of a STD is due to gonococcus 
or Chlamydia trachomatis infection. These two organisms are major causes of 
salpingitis - a disease which can lead to sterility in the host. It would be useful if a 
STD could be vaccinated against or treated with a combined vaccine effective against 
30 disease caused by both organisms. The Major Outer Membrane Protein (MOMP or 
OMP1 or OMPI) of C. trachomatis has been shown to be the target of protective 
antibodies. However, the structural integrity of this integral membrane protein is 
important for inducing such antibodies. In addition, the epitopes recognised by these 
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antibodies are variable and define more than 10 serovars. The bleb context of the 
invention allows the proper folding of one or more MOMP or other Chlamydia 
membrane proteins for vaccine purposes. The engineering of (preferably) a 
gonococcal strain expressing one or more C trachomatis MOMP serovars and/or one 
5 or more other protective Chlamydia OMPs in the outer membrane, and the production 
of blebs therefrom, produces a single solution to the multiple problems of correctly 
folded membrane proteins, the presentation of sufficient MOMP serovars and/or other 
Chlamydia OMPs to protect against a wide spectrum of serovais, and the 
simultaneous prophylaxis/treatment of gonococcal infection (and consequently the 

10 non-requirement of practitioners to initially decide which organism is causing 
particular clinical symptoms - both organisms can be vaccinated against 
simultaneously thus allowing the treatment of the STD at a very early stage). Preferred 
loci for gene insertion in the gonoccocal chromosome are give above. Other preferred, 
protective C. trachomatis genes that could be incorporated are HMWP, PmpG and 

15 those OMPs disclosed in WO 99/28475 (incorporated by reference herein). 

A particularly preferrred embodiment of the invention provides a Gram- 
negative bacterial bleb (preferably gonococcal) presenting on its surface the PorB 
outer membrane protein (see below) from Chlamydia trachomatis. A bacterial strain 
capable of producing such a bleb is a further aspect of the invention* 

20 

PorB Chlamydia trachomatis serovar D (D/UW-3/Cx) DNA sequence 
ATGAGTAGCAAGCTAGTGAACT^^ 

GCCHXjCGGGGAATCCXKK^GTTTCCAGTCATCCCGGGGATTAA 
25 ATTCTTATGATGTACTATCCGCACTGTCCGGT 

caggtaaaagatgtccctgtcgttaccictgtgacaacag 

aacgcgaaatttcgatctcgtgaactgtaatctc 

tgagcgcgattcctctgtttgatgtgagtttcgaagtgaaact 

gcctatcgagacttcacctcggaacctctcaattctgaatcag 
30 cggatttgtttgggatgttagcttgaaaaaagtcatatgg 

gccatgcttcttgccctattgactacatcattgcaaacagtc 

aaactgaacttcaaggagtggagtgtctgcgtaggtcttactacct 

ttctatagggagtgtttctcchxaagctccggacgacagct 

aagttcgtaaaattaccagctctc^tcgt^ 
35 aacgtagaaggaagatggggaagccagcgcgctgtgaacgtctccggaggattccaattctaa 



Translated amino acid sequence 

40 

MSSKLVNYLR LTFLSFLGIA STSLDAMPAG NPAFPVEPGI 
NIEQKNACSF DLCNSYDVLS ALSGNLKLCF CGDYIFSEEA QVKDVPWTS 
VTTAGVGPSP DITSTTKTRN FDLVNCNLNT NCVAVAFSLP DRSLSAIPLF 
D VSFEVKVGG LKQYYRLPMN AYRDFTSEPL NSESEVTDGM IEVQSNYGFV 
45 WDVSLKKVTW KDGVSFVGVG ADYRHASCPI DYIIANSQAN PEVFIADSDG 

KLNFKEWSVC VGLTTYVNDY VLPYLAFSIG SVSRQAPDDS FKKLEDRFTN 
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LKPKVRKITS SHRGNICIGA TNYVADNFFY NVEGRWGSQR AVNVSGGFQF 



The presence of PorB in the blebs means that the antigen can be mucosally 
administered more easily, and provides more effective protection than if administered 
alone. 



The present invention additionally provides a Gram-negative bacterial bleb 
(preferably gonococcal) presenting on its surface one or more of the following 
proteins from Chlamydia trachomatis, or C. trachomatis PorB in combination with 
one or more of the following proteins. It will be clear to a skilled person that instead 
of the sequences below (and the PorB sequence above), the natural analogue of the 
sequences from other C. trachomatis serovars or serotypes could be used, as could 
genes encoding functional analogues of the proteins comprising insertions, deletions 
or substitutions from the recited sequences which unaffect the immunological 
properties of the encoded protein. Preferably a sequence from a serovar D strain 
should be selected. A bacterial strain capable of producing such a bleb is a further 
aspect of the invention. 



>gi| 6578118 | gb|AAC68456. 2 | predicted Protease containing IRBP and DHR 
domains [Chlamydia trachomatis] 

MKMNRI WLLLLTF S SAIHS PVQGE S LVCKNALQDLS FLEHLLQVKYAPKTWKEQ YLGWDLVQS S VS AQQK 
LRTQENPS TS FCQQVLADFIGGLNDFHAGVTFFAIES AYLP YTVQKS SDGRF YFVDIMTFS SE IRVGDEL 
LEVDGAPVQDVLATLYGSNHKGTAAEESAALRTLFSRMASLG 
VPEGVGDIATIAPSIRAPQLQKSMRSFFPKKDDAFHRSSSLFYSP 

STDGFLPVIGPVIWESEGLFRAYISSVTDGDGKSHKVGFLRIPTYSWQDMEDFDPSGPPPWEEFAKIIQV 
FSSNTEALIIDQTNNPGGSVLYLYALLSMLTDRPLELPKHRM^ 

ALGDNMEGYTVDLQVAE YLKSFGRQVLNCWS KGD IELSTPI PLFGFBKIHPHPRVQYS KPI CVL INEQDF 
SCADFFP WLKDNDRAL I VGTRTAGAGGFVFNVQFPNRTGI KTCS LTGSLAVREHGAFIENIGVEPH IDL 
PFTANDIRYKGYSEYLJDKVKKLVCQLINNDGTIILAEDGSF 
>gi 1 3329331 |gb|AE001359. 1:101-1906, 

ATGAAAATGAATAGGATTTGGCTATTACTGCTTACCTTTTCTTCTGCCATACATTCTCCTGTACAAGGAG 
AAAGCTTGGTTTGCAAGAATGCTCTTCAAGATTTGAGTTTTTTAGAGC AT TTAT TACAG GTTAAATATGC 
TCCTAAAACATGGAAAGAGCAATACTTAGGATGGGATCTTGOT 
CTTCGTACACAAGAAAATCGATG^GAAGTCT 

ATGACTTTCACGCTGGAGTAACTTTCTTTGCGATAGAAAGTGCTTACCTTCCTTATACCGTACAAAAAAG 
TAGTGACGGCCGTTTCTACTTTGTAGATATCATGACTTTTTCTTCAGAGATCCGTGTTGGAGATGAGTTG 
CTAGAGGTGGATGGGGCGCCTGTCC&AGATGTACTC^ 
C^GCTGAAGAGTCGGCTGCTTTAAGAAO^ 

TGGGCGCAOTACTTTAAAGATTCGTCGTCCTTTTGGTACTACGAGAGAAGTTCGTGTGAAATGGCGTTAT 

GTTCCTGAAGGTGTAGGAGATTTGGCTACCATAGCTCCTTCTATCAGGGCTCCACAGTTACAGAAATCGA 

TGAGAAGCTTTTTCCCTAAGAAAGATGATGCGTTTCATCGGTCTAGTTCGCTATTCTACTCTCCAATGGT 

TCCGCATTTTTGGGCAGAGCTTCGCAATCATTATGCAACGAGTGGTTTGAAAAGCGGGTACAATATTGGG 

AGTACCGATGGGTTTCTCCCTGTCATTGGGCCTGTTATATGGGAGTCGGAGGGTCTTTTCCGCGCTTATA 

TTTCTTCGGTGACTGATGGGGATGGTAAGAGCCATAAAGTAGGATTTCTAAGAATTCCTACATATAGTTG 

GCAGGACATGGAAGATTTTGATCCTTCAGGACCGCCTCCTTGGGAAGAATTTGCTAAGATTATTCAAGTA 

TTTTCTTCTAATACAGAAGCTTTGATTATCGACCAAACGAACAACCCAGGTGGTAGTGTCOT 

ATGCACTGCTTTCCATGTTGACAGACCGTCCTTTAGAACTTCCTAAACATAGAATGATTCTG^ 

TGAAGTGGTTGATGCTTTAGATTGGTTAACCCTGTTGGAAAACGTAGACaCAAACGTGGAGTCTCGC 
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GCTCTGGGAGAC^C^TGGAAGGATATACTGTGGATCra^ 

GTt^GTATTGAATTGTTGGAGTAAAGGGGATATCGAGTTATCAACGCCTATTCCTCTTTTTGGTTTTGA 
GAAGATTCATCCACATCCTCGAGTTCAATACTCTAAACCG 

TCTTGTGCTGACTTCTTCCCTGTAGTTTTGAAAGACAATG 
5 CTGGAGCTGGAGGATTTGTCTTTAATGTGC^GTTCCCAAATAGAACTGGAATAAAAACTTGTTCTTTAAC 
AGGATCATTAGCTGTTAGAGAGCATGGTGCCTTC^TTGAGAACATCGGAGTCGAACCGCATATCGATCTG 
CCTTTTAC^GCGAATGATATTCGCTATAAAGGCTATTCCGAGTATCTTGATAAGGTCAAAAAATTGGTTT 
GTCAGCTGATCAATAACGACGGTACCATTATTCTTGCGGAAGATGGTAGTTTTTAA 

10 >gi|6578109|gb|AAC68227.2| CHLPN 76kDa Homolog [Chlamydia trachomatis] 
MKKYFYKGFVGALLLACGSTNLAFAQASSMDSQLWSVED^ 
YAKEDLETTQTPAKPMLPTNRYRSEFNLY^ 

KNPETQAEVF AE IGRSGLGD IFDSDVQFNSNFDGIHLYAARR I SEKLPFTMIVHGGPFWNMAEKEYAWV 
VEAILNKLPGNFVVKTSVVDWNTLT^ 

15 LYTYGAYLFNPLAEIPENWKQSTTPTTKITNGKENHAWFIGCSLGGVRRAGDWSATWYEY^ 

DVAG IGRGNQMKYWFAQAIKQGLDPKESNGFTNYKGVS YQFVMGLTDSVS FRAYAAYS KPANDNLGSDFT 
YRKYDLGLISSF 

>gi| 3329068 |gb|AE001333.1:c3495-2197, 

ATGAAAAAATACTTTTATAAAGGGTTTGTAGGCGCGCTTTTATTAGCTTGT^ 
20 TTGCGt^GGCTAGTTCGATGGATAGCCAGCTATGGTCTC 

AGGTTTTGTCGAGACTCGTAAGCGCGATGGAGTTCTACGTTTAGCTGGAGATGTCCGCGCTCGATGGATT 
TATGCAAAAGAGGATCTTGAGACAACTCAGACTCCTGCTAAACCTATGTTACCTACCi^ATCGGTATCGTA 
GTGAATTCAATTTGTATGTGGATTAC&CCGCTC^ 

GATTGCTGGCGGAGAATCTTCTGCAGCAGGGTTAGATATTAATCGTGCCTTCTTAGGATACCGATTCTAC 
25 AAAAACCCAGAAACGCAAGCAGAAGTATTTGCAGAGATTGGTCGCTCTGGATTGGGAGATATTTT^ 

CCGACGTTCAGTTTAATAGTAATTTCGACGGAATTCATTTATACGCTGCGCGACGTATTAGTGAGAAACT 
TCCTTTCACC^TGATTGTTCATGGTGGTCCTTTTGTCGTGAATATGGCAGA 

GTGGAAGCTATTTTGAATAAACTCCC^GGAAATTTCGTTGTGAAAACGAGTGTTGTTGACTGGAATACGT 

TAACAGCAAAAACGAATGATCCAGCAGACGCAAGCGCTC 
30 TTATTTAGTATGGCAATGGTTGGTTGGGAAGAG CACAGC TATGC CATGGTTTAATGGACAAACAAAAAAT 

CTTTAC^CTTACGGAGCCTATCTCTTTAATCCATTAGCGGAAATACCAGAGAAGTGGAAACAAT(^^ 

CTCCTACAACCAAAATTACAAATGGTAAGGAAAACCATGCTTGGTTCATCGGCTGCTCTCTAGGCGGTGT 

TCGACGAGCTGGAGACTGGTCTGC^CAGTTCGTTATGAGTATGTTGAAGCTTTAGCGATTCCAG^ 

GATGTCGCGGGTATTGGTCGCGGAAACCAAATGAAATATTGGTTTC 
35 ATCCTAAAGAATCTAACGGCTTTACTAACTATAAAGGAGTTTCCTATC^GTrrGTTATGGGTCTGACAGA 

TTCGGTTTCTTTCCGAGCTTATGCTGCTTATTCTAAGCCTGCTAACGATAACCTTGGTAGCGACTTCACC 

TATCGTAAGTATGACCTAGGTTTAATTTCTTCATTCTAA 

>gi | 3329350 |gb|AAC68472.l| Putative Outer Membrane Protein I [Chlamydia 
40 trachomatis] 

MRPDHMNFCCLCAAILSSTAVLFGQDPLGETALLT 

LGNSYCWFVSKLHITDPKEALFKEKGDLSIQNFRFLSFTOCSSKESSPSIIHQKNGQLSLRNNGSMSFCR 
NHAEGSGGAI SADAFSLQHNYLFTAFEENS SKGNGGAIQAQTFSLSRNVS PIS FARNRADLNGGAICCSN 
LICSGNVNPLFFTGNSATNGGAICCISDLNTSEKGSLSIiAC^QETLFASNSAKEKGGAIYAKro 
45 PVSFINNSAKIGGAIAIQSGGSLSILAGEGSVLFQNNSQRTSDQGLVRNAIYLEKDAILSSLEARNGDIL 
FFDPIVQESSSKESPLPSSLQASVTSPTPATASPLVIQTSANRSVIFSSERLSEEEKTPDNLTSQLQQPI 
ELKSGRLVIjKDRAVLSAPSLSQDPQALLIMEAGTSLCT^ 

KIFLSNSGDENFYENVELLSKEQNNIPLLTLSKEQSHLHLPDGNLSSHFGYQGDWTFSWKDSDEGHSLIA 

NWTPKNYVPHPERQSTLVANTLWNTYSDMQAVQSMItTTIAHGGAYLFGTWGSAVSNLFYAHD 
50 WHHRSLGYLFGI STHSLDDHSFCLAAGQIjLGKS SDSF ITSTETTS YIATVQAQLATPLMKI SAQACYNES 

IHELKTKYRSFSKEGFGSWHSVAVSGEVCASIPIVSNGSGLFSSFSIFSKLQGFSGTQDGFEESSGEIRS 

FS AS S FRNI SLPMGITFEKKSQKTRNYYYFLGAYIQDLKRDVESGPVVIiLKNAVS WDAPMANLDSRAYI^ 

RLTNQRALHRLQTLLNVSYVLRGQSHSYSLDLGTTYRF 

>gi|3329348|gb|AE001361.1:c3451-815, 
55 ATGCGACCTGATCATATGAACTTCTGTTGTCTATGTGCTGCT 

GCC^GGATCCCTTAGGTGAAACCGCCCTCCTCACTAAAAA^ 

GGACTGTACCATGGAGAGCCTCTTTCCTGCTCTTTGTGCTCATGCATCACAAGATGATCCTTTGTATGTA 
CTTGGAAATTCCTACTGTTGGTTCGTATCTAAACTCC^TATCACGGACCCCyVAAGAGGCTCTTTTT 
AAAAAGGAGATCTTTCCATTCAAAATTTTCGCTTC^ 
60 TCCTTCTATTATTCATCAA^GAATGGTCA 

AATCATGCTGAAGGCTCTGGAGGAGCCATCTCTGCGGATGCCTTTTCTCTACAAC^ 
CAGCTTTTGAAGAGAATTCTTCTAAAGGAAATGGCG^ 

AAATGTGTCGCCTATTTCTTTCGCCCGTAATCGTGCGGATTTAAATGGCGGCGCTATTTGCTGTAGTAAT 
CTTATITGTTC^GGGAATGTAAACCCTCTCTTTTTCACTGGAAACTCCGCCACGAATC 
65 GTTGTATCAGCGATCTAAACACCTCAGAAAAAGGCTCTCTCTCTCTTGCTTGTAACCAAGAAACGCTATT 
TGCAAGCAATTCTGCTAAAGAAAAAGGCGGGGCTATTTATGCCT^AGCACATGGTATTGCGTTATAACGGT 



9 



WO 02/062380 PCT/EP02/01356 
CCTGTTTCCTTCATTAACy^^ 

CTATCCTTGCAGGTGAAGGATCTGTTCTGTTCCAGAAT^ 

AAGAAACGCC^TCTACTTAGAGAAAGATGCGATTCTTTCTTCCTTAGAAGCTCGCAACGGAGATATTCTT 

TTCTTTGATCCTATTGTACAAGAAAGTAGCAGCAAAGAATCGCCTCTTCCCTCCT^ 

TGACTTCTCCC^CCCC^GCCACCGCATCTCCTC^ 

CTCGAGCGAACGTCTTTCTGAAGAAGAAAAA^^ 

GAACTGAAATCCGGACGCTTAGTTTTAAAAGATCGCGCTGTCCTTTCCGCGCCTTCTCTCTCTCAGGATC 
CTCAAGCTCTCCTCATTATGGAAGCGGGAACTTCTTTAAAAACT 

AAGTATTCCCCTTCATTCCTTAGATACTGAAAAAAGCGTAACTATCCACGCCCCTAACCTTTCTATCC^ 

AAGATCTTCCTCTCTAATTCTGGAGATGAGAATTTTTATGAAAATGTAGAGCTTCTCAGTAAAGAGCAAA 

AC^^TATTCCTCTCCTTACTCTCTCTAAAGAGCAATCTCATTTACATCTTCCTGATGGGAACCT 

TCACTTTGGATATCAAGGAGATTGGACTTT^ 

AATTGGACGCCTAAAAACTATGTGCCT(^TCCAGAACG 

ACACCTATTCCGATATGCAAGCTGTGCAGTCGATG&TT^ 

TGGAACX3TGGGGATCTGCTGTTTCTAATTTATTCTATGCTCACGACAGCTC 

TGGCATCATAGAAGCCTTGGCTACCTATTCGGT^^ 

TGGCTGCAGGAC^TTACTCGGGAAATCGTCCGATTC^^ 

AGCTACTGTACAAGCGCAACTCGCTACCCCTCTAATGAAAATCT 

ATCCATGAGCTAAAAAG?y^AATATCGCTCCTTCTCT 

TATCCGGAGAAGTGTGCGCATCGATTCCTATTGTATCCAATGGTTCCGGACTGTTCAGCTCCTTCTCTAT 
TTTCTCTAAACTGCAAGGATTTTC^GGAACACAGGACGGTTTTGAGGAGAGTTCGGGAGAGATTCGG 
TTTTCTGCCAGCTCTTTCAGAAATATTTC^CTTCCTATGGGAATAACATTTGAA 
CACGAAACTACTATTACTTTCTGGGAGC^ 

AGTGTTACTCAAAAATGCCGTCTCCTGGGATGCTCCTATGGCGAACTTGGATTCGCGAGCCTACATGTTC 

AGGCTTACGAATCAAAGAGCTCTGCATAGACTTCAGACGCTGT^ 

AAAGCCATAGTTACTCCCTGGATCTGGGGACCACTTACAGGTTCTAG 

>gi | 3329346 |gb|AAC68469.l| Putative Outer Membrane Protein G [Chlamydia 
trachomatis] 

MQTSFHKFFLSMILAYSCCSLSGGGYAAEIMIPQGITO^ 
DNS IAALPLSCFGNLLGSFTVLGRGHSLTFENIRTST^^ 
IiPAATTNNGSQTPTTTSTPSNGTIYSKIDLI^^ 
OTAQADGGACQVVTSFSAMANRAPIAFIANVAG 
DGNVARVGGGIYSYGNVAFLNNGKTLFLNNVASPV^ 

SimSGSVSFDGEGVWFSSNVAAGKGGAIYAKKLSVANCGPVQFLGNIAJSTOGGAIY^ 
D 1 1 FDGNLKRTAKENAADWGVTVS SQAISMGSGGKITTLRAI^ 
KINDGEGYTGDIWANGNSTLYQmnriEQGRIVIiREKAKLSWSLSQTGGSLYl^ 

PPAANQLITLSNLHLSLSSLLAl^AVTNPPTNPPAQDSHPAI IGSTTAGS VTI SGPIFFEDLDDTAYDRY 
DWLGSNQKSDVI/KIiQIiGTQPSANAPSDM^ 

GPERVASLVPNSLWGSILDiRSAHSAIQASVDGRSYCRGLWVSGVSNFFYHDRDALGQGYRYISGGYSLG 
ANSYFGSSMFGLAFTEVTGRSKDYWCRSNHHACIGSVYLSTO 

S YTFAEESDVRWDNNCLVGE IGVGLP IVITPSKLYLNELRPFVQAEFS YADHES FTEEGDQARAFRSGHL 

MNLS VPVGVKFDRCS S THPNKYS FMGAYICDAYRTISGTQTTLLSHQETWTTDAFHLARHGVI VRGSMYA 

SLTSNIEVYGHGRYE YRDTSRGYGLSAGS KVRF 

>gi 1 3329342 |gb [AE001360 . 1 : 7736-10777, 

ATGCAAACGTCTTTCC^TAAGTTC^ 

GGGGGTATGCAGCAGAAATCATGATTCCTCAAGGAATTT^ 

CTATACTGTTATAGGAGATCCGAGTGGGACTACTGTTTTTTCTGCAGGAGAGTTAACGTTAAAAAAT^ 

GACAATTCTATTGCAGCWTGCCTTTAAGTTGT^ 

GAGGACACTCGTTGACTTTCGAGAACATACGGACTTCTAGA^ 

TAGCGGGTTATTTACTATTGAGGGTTTTAAAGAATTATCTTTTTCCAATTGCAACTC^ 
CTGCCTGCTGCAACGACTAATAATGGTAGCCAGACTCCGACGACAACATCTACACCGTCTAATGGTACTA 
XTTATTCTAAAACAGATCTTTTGTTACTCAATAATGAGAAGTTCTCATTCTAT^ 
AGATGGGGGAGCTATAGATGCTAAGAGCTTAACGGTTC^ 

AATACTGCTC^UVGCTGATGGGGGAGCTTGTCAAGTAGTCACCAGTTTCTCTGCTATGGCTAACGAGGCTC 
CTATTGCCTTTATAGCGAATGTTGCAGGAGTAAGAGGGGGAGGGATTGCTGCTGTTCAGGATGGGCAGCA 
GGGAGTGTCATCATCTACTTCAACAGAAGATCCAGTAGTAAGTTTTTCC^ 

GATGGGAACGTAGCCCGAGTAGGAGGAGGGATTTACTCCTACGGGAACGTTGCTTTCCTGAATAATGGTiA 
AAACCTTGTTTCTCAACAATGTTGCTTCTCCTGT 

TTCTAATACGAGTGATAATTACGGAGATGGAGGAGCTATCTTCTGTAAGAATGGTGCGCAAGCAGCAGGA 

TCCAATAACTCTGGATCAGTTTCCTTTGATGGAGAGGGAGTAGTTTTCTTTAGTAGCAA 

^AAAGGGGGAGCTATTTATGCCAAAAAGCTCTC^ 

TATCGCTAATGATGGTGGAGCGATTTATTTAGGAGAATCTGGAGAGCTCAGTTTATCTGCTGATTATGGA 
GATATTATTTTCGATGGGAATCTTAAAAGAACAGCCAAAGAGAATGCTGCCGATGTTAATGGCGTAACTG 
TGTCCTCACAAGCCATTTCGATGGGATCGGGAGGGAAAATAACX3AC^TTAAGAGCTAAAGCAGGGCATCA 
GATTCTCTTTAATGATCCCATCGAGATGGCAAACGGAAATAACCAGCCAGCGCAGTCTTCCGAACCTCTA 
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AAAATTAACGATGGTGAAGGATACACAGGGGATATTGTTT 

ATGTTACGATAGAGCAAGGAAGGATTGTTCTTCGTGAAAAGGCAAAA 

GACAGGTGGGAGTCTGTATATGGAAGCTGGGAGTACATTGGA 

CCTCCTGCCGCTAATCAGTTGATCACGCTTTCCAATCTGCATTTGTCrCTTTCTTCTTTGTTAGCAAACA 
ATGCAGTTACGAATCCTCCTACC^TCCTC 

TGCTG<OTCTGTTACAA^ 

GATTGGCTAGGTTCTAATCAAAAAATCGATGTCCTGAAATTACAGTTAGGGACTCAGCCCTCAGCTAATG 
CCCCATCAGATTTGACTCTAGGGAATCAGATGCCTAAGTA 

GGATCCTAATACAGC^UiATAATGGTCCTTATACTCTGAAAGCTACATGGACTAAAACTGGGTATAATCCT 

GGGCCTGAGCGAGTAGCTTCTTTGGTTCCAAATAGTTTATC 

ATTCAGCAATTCAAGCAAGTGTGGATCH3GCGCTCTTAT^ 

TTTCTTCTATCATGACCGCGATGCTTTAGGTCAGGGATATCGGTATATTAGTGGGGGTTATTCCTTAGGA 

GCA7UICTCCTACTTTGGATCATCGATGTTTGGTCTAGCATTTACCGAAGTATTTGGTAGATCTAAAGATT 

ATGTAGTGTGTCGTTCCAATCATCATGCTO 

TGGATCCTATTTGTTCGGAGATGCGTTTA^ 

TC^TACACATTTGCAGAGGAGAGCGATGTTCGTTGGGATAATAACTGTCTGGTTGGAGAGATTGGAGTGG 

GATTACCGATTGTGATTACTCCATCTAAGCTCTATTTGAATGAGTTGCGTCCTTTCGTGCAAGCTGAGTT 

TTCTTATGCCGATCATGAATCTT1TACAGAGGAAGGCGATCAAGCTCGGGCATTCAGGAGTGGACATCTC 

ATGAATCTATCAGTTCCTGTTGGAGTAAAATTTGATCGATGTTCTAGTACACACCCTAATAAATATAGCT 

TTATGGGGGCTTATATCTGTGATGCTTATCGC^^ 

AGAGACATGGACAACAGATGCCTTTC^TTTG^ 

TCTCTAACAAGCAATATAGAAGTATATGGCCATGGAAGATATGAGTATCGAGATACTTCTCGAGGTTATG 
GTTTGAGTGCAGGAAGTAAAGTCCGGTTCTAA 

>gi|3329345|gb|AAC68468.l| Putative Outer Membrane Protein F [Chlamydia 
trachomatis] 

MIKRTSLS FACLSFPYXSTIS ILQANETDTLQPRRFTFSDREIQFVLDPASLITAQNIVLSNLQSNGTGA 
CTISGNTQTQIFSNSVNTTADSGGAFDMVTT^^ 

VLFYWNI SAGAKYVGTGDHI^KNRGGALYAlTITLTG^niTLAFINNMSGDCGGAI SADTQIS ITDTVKGI 
LFENNHTLNHIPYTQAENMARGGAICSRRDLCS ISNNSGPIVFNYNQGGKGGAISATRCVIDNNKERI IF 
SKNSSLGWSQSSSASNGGAIQTTQGFTIJiNNKGSIYFDSNTATHAGGAI 
WGAAFNLSKPRSATNYIHTGTGDIVFNNWVFTLDGNIiLGK^ 
DLFQWERVKENTSmiPPSPTSRNTITVN^^ 

LAIEDDAELEIFNIPFTQNPTSLIiALGSGATLTVGKHGKLNITNLGVILPIILKEG 
QNTGTGQTPSSTSSISTPMIIFNGRLSIVDENYESVYDSMDLSRGKAEQLILSIETTNDGQLDSNWQSSL 
NTSLLSPPHYGYQGLWTPNWITTTYTITLNNNSSAPTSATS IAEQKKTSETFTPSNTTTAS IPNIKASAG 
SGSGSASNSGEVTITKOTLVWWAPVGYIVDPIRRGDLIANS 

TTLFTKQQKRLSYHGYSSASKGYTVSSQASGAHGHKFLIiSFSQSSDKMKEKETNNRLSSR 
PMFDRIALIGAAACNYGTHNMRSFYGTKKSSKGKFHSTTLGAS^ 

EPAS IRE SGDLARLFTLEQAHTAWSP IGIKGAYSSDTWPTLS WEIffiLAYQPTLYVraCRPLLNTLLI QNNG 

SWVTTNTPLAKHSFYGRGSHSLKFSHLKLFANYQAEVATSTVSHYINAGGALVF 

>gi| 3329342 |gb|AE001360.1:c7571-4467, 

AAGCTAATGAAACGGATACGCTACAGTTCCGGCGATTTACTTTTTCGGATAGAGAGATTCAGTTC 
AGATCCCGCCTCTTTAATTACCGCCCAAAACATCGTT^ 
TGTACCATTTCAGGCAATACGCAAACTCAAATCT 
GAGCCTTTGATATGGTTACTACCTCATT^ 

CTGCACACATAATAAAGGCGGAGGAGCTATTCGTTCCGGAGGACCTATTCGATTCTTAAATAATCAAGAC 
GTGCTTTTTTATAATAACATATCGGCAGGGG CTAAATATGTTGGAACAGGAGAT CACAACGAAAAAAATA 

GGGGCGGTGCGCTTTATGCAACTACTATCACTTTGACAGGGAATCGAACTCTTGCCTTTATTAACAATAT 
GTCTGGAGACTGCGGTGGAGCCATCTCTGCTGACACTCZAAATATCAATAACTGATACCGTTAAAGGAATT 
TTATTTGAAAACAATCACACGCTCAATCATATACCGTACACGCAAGCTC 

CAATCTGTAGTAGAAGAGACTTGTGCTCAATCAGCAATAATTCTGGTCCCATAGTTTTTM 
AGGCGGGAAAGGTGGAGCTATTAGCGCTACCCGATGTGTTATTC 

TCAAACAATAGTTCCCTGGGATGGAGCCAATCTTCTTCTGCAAGTAACGGAGGAGCCATTCAAACGACAC 

AAGGATTTACTTTACGAAATAATAAAGGCTCTATCTACTTCGACAGCAACACTGCTACIACACGCCGGGGG 

AGCCATTAACTGTGGTTACATTGACATCCGAGATAACGGACCCGTCTATOTTTCTAAATAACTCTGCTGCC 

TGGGGAGCGGCCTTTAATTTATCGAAACCACGTTCAGCGACAAATTATATCCAT^ 

TTGTTTTTAATAATAACGCTGTCTTTACTCTTGACGGTA^ 

TAATAATAATGAGATAACACCATATACATTGTCTC^ 

GATCTTTTCCAATGGGAGCGTGTTAAAGAAAATACTAGCAATAACCCACCATCTCCTAC(^^ 

CC^TTACCGTTAACCCGGAAACAGAGTTTTCTGGAGCTGTTGTGTTCTCCTACAATCAAATGTCTAGTGA 

CATACGAACTCTGATGGGTAAAGAACAGAATTACATTAAAGAAGCCCCAACTACTT^ 

CTAGCC^TAGAAGATGATGCAGAATTAGAAATCTTCAATATCCCGTTTACCCAAAATCCGACTAGCCTTC 
TTGCTTTAGGAAGCGGCGCTACGCTGACTGTTGGAAAGCACGGTAAGCTCAATATTACAAATCTTGGTGT 
TATTTTACCC^TTATTCTCS^GAGGGG^ 
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CAAAATACTGGTACCGGCCAAACT 

GGCGCCTCTC^^TTGTAGACGAAAATTATGi^TC^GTCTACGACAGTATGGACCTCTCCAGAGGGAAAGC 
AGAACAACTAATTCTATC CATAGAAAC GACTAATGATGGGCAATTAGACTC CAATTGGCAAAGTTCT CTG 
AATACTTCTCTACTCTCTCCTCCACACTATGGCTAT^ 
CCTATACCATCACGCITAATAATAATT^^ 

AACTAGTGAAACTTTTACTCCTAGTAACACAACTACAGCTAGT^ 

TCAGGCTCTGGATCGGCTTCCAATTCAGGAGAAGTTACGATTACC7VAACATACCCTTGTTGTAAACTGGG 
CACC^GTCGGCTAC^TAGTAGATCCTATTTO^ 

AAGAAACATGACCATGGGCTTACGATCATTACTCCCGGATAACTCTTGGTTTGCTTTGCAAGGAGCTGCA 
ACAACATTATTTACAAAACAAOUU^AACGTTTGAGTT^ 

CCGTCTCTTCTCAAGCATCAGGAGCTCATGGTCAT^ 

GATGAAAGAAAAAGAAACAAATAACCGCCTTTCTTCTCGTTACTATCTTTCTGCTTTATGTTTCGAACA 
CCTATGTTTGATCGCATTGCTCTTATCGGAGCAGCAGCT^ 

TCTATGGAACTAAAAAATCTTCTAAAGGGAAATTTCACTCTACAACCTTAGGAGCTTCTCTTCGCTGTGA 
ACTACGCGATAGTATGCCTTTACGATCAATAATGCTC^CCCCATTTGCTCAGGCTTTATTCTCTCGAACA 
GAAC(^GCTTCTATCCGAGAAAGCGGTGATCTAGCTAGATTATTTACATTAGAGCAAGCCCA 
TOGTCTCTCCAATAGGAATCAAAGGAGCTTATTCTTCTGA^ 

ACTAGCTTACCAACCCACCCTCTACTGGAAACGTCCTCTACTCAACACACTATTAATCCAAAATAACGGT 
TCTTGGGTCACC^CAAATACCCC^TTAGCTAAACATTCCTTTTATGGGAGAGGTTCTCACTC 

TTTCTCATCTGAAACTATTTGCTAACTATCAAGCAGAAGTGGCTACTTCCACTGTCTCACACTACATCy^ 
TGCAGGAGGAGCTCTGGTCTTTTAA 

>gi | 3329344 |gb|AAC68467.l| Putative Outer Membrane Protein E [Chlamydia 
trachomatis] 

MKKAFFFFLIGNSLSGLAREVPSRIFLMPNSVPDPTKE 

TPNEGAAVTITDYLSFFDTQKEGIYFAKNLTPESGGAIGYASPNSPTV^ 

RNPYAADKIREGGAIHAQNLYINHNHDWGFMKNFSYVQGGAISTANTFWSENQSCFL 

AGKGGAIYAGTSNSFESNNCDLFFINNACCAGGAIFSPICSLTGNRGNIVFYNNRCFKNVETASSEASDG 

GAI KVTTRIiDVTGWRGRI FFSDNITKNYGGAI YAPVVTLVDNGPTYF INNIANNKGGAI YIDGTSNSKI S 

ADRHAI I FNENIVTNVTNANGTSTS ANPPRRNAITVASSSGE ILLGAGS SQNLIFYDPIEVSNAGVS VS F 

NKEADQTGSWFSGATVNSADFHQRNLQTKTPAPLTLSNGFLCIEDHAQLTVNRFTQTGGW 

SCYKNGTGDSASNASITLKHIGLNLSSILKSGAEIPLLWVEPTNWSNNYTADTAATFSLSDVKLSLIDDY 

GNS P YE STDLTHALS SQPMLS I SEASDNQLQS ENIDFSGLNVPHYGWQGLWTWGWAKTQDPEPAS S ATIT 

DPQKANRFHRTLLIiTWLPAGYVPS PKHRS PL IANTLWGNMLIiATESLKNS AELTPSGHPFWGITGGGLGM 

MVYQDPRENHPGFHMRS SGYS AGMIAGQTHTFSLKFS QTYTKLNERYAKNNVSSKNYS CQGEMLFSLQEG 

FLLTKLVGLYSYGDHNCHHFYTQGENLTSQGTFRSQTMGGAVFFDLPMKPFGSTHILT^ 

LSHFTEVGAYPRSFSTKTPLINVLVPIGVKGSFMNATHRPQAWTVEl^YQPVL^ 

WFGSGSPSSRHAMSYKISQQTQPLSWLTLHFQYHGFYSSSTFCNYLNGEIALRF 

>gi | 3329342 | gb | AE001360 . 1 : C4464-1570 , 

ATGAAAAAAGCGTTTTTCTTTTTCCTTATCGGAAACTCCCT 
GAATCTTTCTTATGCCCT^CTCAGTTC 

AGGAGACACTCACAATCTCACTAACTGCTATCTCGATAACCTACGCTACATACTGGCTATTCTACAAAAA 
ACTCCCAATGAAGGAGCTGCTGTCACAATAACAGATT^ 

TTTATTTTGCAAAAAATCTCACCCCTGAAAGTGGTGGTGCGATTGGTTATGCGAGTCCCAATTCTCCTAC 
CGTGGAGATTCGTGATACAATAGGTCCTGTAATCTTTGAAAAT^ 
AGAAATCCTTATGCTGCTGATAAAATAAGAGAAGGCGGAGCC^^ 
ATAATCATGATGTGGTCGGATTTATGAAGAACTTTTCT 

TACCTTTGTTGTGAGCGAGAATCAGTCTTGTTTTCTCTTTATGGACAACATCTGTATTCAAACTAAX 

GCAGGAAAAGGTGGCGCTATCTATGCTGGAACGAGCAATTCTTTTGAGAGTAATAACTGCGATCTCTTCT 

TCATCAATAACGCCTGTTGTGC^GGAGGAGCGATCTTCTCCCCTATCTGTTCTCTAAC^GGAAATCGTGG * 

TAACATCGTTTTCTATAACAATCGCTGCTTTAAAAATGTAGAAACAGCTTCTTCAGAAGCTTCTGATC 

GGAGCAATTAAAGTAACTACTCGCCTAGATGTTACAGGCAATCGTGGTAGGATCTTTTTTAGTGACAATA 

TCACAAAAAATTATGGCGGAGCTATTTACGCTCCTGTAGTTACCCTAGTGGATAATGGCCCTACCTACTT 

TATAAACAATATCGCCAATAATAAGGGGGGCGCTATCTATATAGACGGAACCAGTAACTCCAAAATTTCT 
GCCGACCGCC&TGCTATTATTTTT^^ 

CGTCAGCTAATCCTCCTAGAAGAAATGCAATAACAGT^ 

AGGGAGTAGCCAAAATTTAATTTTTTATGATCCTATTGAAGTTAGCAATGCAGGGGTCTCTGTGTCCTTC 
AATAAGGAAGCTGATCAAACAGGCTCTGTAGTATTTTCAGGAGCTACTGTTAATTCT 
AACGCAATTTACAAACAAAAACACCTGCACCCCTTACTCTCAGTAATGGTTTTCTATGTATCGAAGAT 
TGCTCAGCTTACAGTGAATCGATTCACACaAACTGGGGGTGTTGTTTCTCTTGGGAATGGAGCAGTTC 

AGTTGCTATAAAAATGGTACAGGAGATTCTGCTAGCAATGCCTCTATAACACTGAAGCATATTGGATTGA 
ATCTTTCTTCCATTCTGAAAAGTGGTO^ 

TAACTATACAGCAGATACTGC^GCTACCTTTTCATTAAGTGATGTAAAACTCTCACTCATTGATGACTAC 
GGGAACTCTCCTTATGAATCCACAGATCTGACCCATGCTCTGTCATCACAGCCTATGCTA 
AAGCTAGCGATAACCAGCTACAATCAGAAAATATAGATTTTTCGGGACTAAATGTCCCTCATTATGGATG 
GCAAGGACTTTGGACTTGGGGCTGGGCAAAAACTCAAGATCCAG 
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GATCCACAAAAAGCC^UlTAGATTTCATAGAACCTTACTACTi^CATGGCTTCCTGCCGGGTATGTTCCTA 
GCCCAAAACACAGAAGTCCCCTCATAGCTAACACCTTATGGGGGAATATGCTGCTTGCAACAGAAAGCTT 
AAAAAATAGTGCAGAGCTGACACCTAGTGGTCATCCTTTCTGGGGAATTACAGGAGGAGGACTAGGCATO 
ATGGTTTACCAAGATCCTCGAGAAAATCATCCTGGATTCCATATGCGCTCTTCCGGATACTCTGCGGGGA 
TGATAG^GGGCAGACACAC^CCTTCTCATTGAAATTCAGTCAGACCTACACC^ 

CGCAAAAAACAACGTATCTTCTAAAAATTACTCATGCCAAGGAGAAATGCTCTTCTCATTGCAAGAAGGT 

XTCTTGCTGACTAAATTAGTTGGGCTTTACAGCTATGGAGACCATAACTGTCACCATTTCTATACTCAAG 
GAGAAAATCTAACATCTCAAGGGACGTTCCGCAGTCAAAC^ 

TATGAAACCCTTTGGATCAACGC^TATACTGACAGCTCCCTTTTTAGGTGCTC^ 

CTGTCTCACTTTACTGAGGTGGGAGCCTATCCGCGAAGCTTTTCTACAAAGACTCCTTTG^ 

TAGTCCCTATTGGAGTTAAAGGTAGCTTTATGAATGCTACCCACAGACCTCAAGCCTGGACTGTAGAATT 
GGCATACCT^CCCGTTCTOTATAGAC^^ 

TGGTTCGGTAGTGGAAGCCCCTCATCGCGT^^^ 

TGAGTTGGTTAACTCTCCATTTCCAGTATCATGGATTCTACTCCTCTTCAACCTTCTGTAATTATCTCAA 
TGGGGAAATTGCTCTGCGATTCTAG 

>gi (3329279 | gb | AAC68408.1) Putative Outer Membrane Protein D [Chlamydia 
trachomatis] 

MS S EKD IKSTCSKF S LS WAAIIASVSGLAS CVDLHAGGQSVNELVYVGPQAVLLLDQIRDLFVGSKDSQ 
AEGQYRLIVGDPSSFQEKDADTLPGKA^QSTLFSVTOTWFQGVDQQDQVSSQGLICSFTSSNLDSPRDG 
ESFLGIAFVGDSSKAGITLTDVKASLSGAALYSTEDLIFEKIKGGLEFASCSSIiEQGGACAAQSlLIHDC 
QGLQVKHCTTAVNAEGS S ANDHLGFGGGAFFVTGSLS GEKSLYMPAGDMWANCDGAI S FEGNSANFANG 
GAIAASGKVLWA1TOKKTSFIENRALSGGAIAASSDIAFQNCAELW 

TVLLQGNHG I TCDKNESAS QGGAI FGKNCQISDNEGP WFRDSTACLGGGAIAAQE I VS IQNNQAGIS FE 
GGKASFGGGIACGSFSSAGGASVLGTIDISKm,GAISFSRTLCTTSDIiGQMEYQGGGALFGENISLSENA 
GVLTFKDNIVKTF ASNGKI LGGGAI LATGKVE ITNNSEG I SFTGNARAPQALPTQEEFPLFS KKEGRPLS 
SG YSGGGAILGREVAI LHNAAWFEQNRLQCSEEEATLLGCCGGGAVHGMDSTS IVGNSSVRFGNNYAMG 
QGVSGGAIiLS KTVQLAGNGSVDFSRNIASLGGGALQASEGNCEL VBNGYVLFRDNRGRVYGGAI S CLRGD 
WI S GNKGRVEFKDNI ATRLYVEETVEKVEEVEPAPEQKDNNEIiS FLGRAEQS FITAANQALFASEDGDL 
SPES S I S SEELAKRRECAGGAI FAKRVRI VDNQEAWFSNNFSD I YGGAI FTGS LREEDKLDGQI PEVLI 
SGNAGDWFS GNS S KRDEHLPHTGGGAI CTQNLTI SQNTGNVLFYNNVACSGGAVR IEDHGNVLLEAFGG 
DIVFKGNS S FRAQGSDAI YFAGKESHITALNATEGHAI VFHDALVFENLEERKS AEVLLIWS RENPGYTG 
S IRFLEAES KVPQC IHVQQGSLELLNGATLCS YGFKQDAGAKLVIiAAGAKLKILDS GTPVQQGHAI S KPE 
AEIESSSEPEGAHSLWIAKNAQTWPMVDIHTISVDLASFSSSQQEGTVEAPQVIVPGG 
LVNTTGTGYENHALLKNEAiCVPI^SFVASGDEASAEISNLSVSDLQIHVVTPEI^ 
QDGTLVISWNPTGYRLDPQKAGALWNALWEEGAVLS^ 
TLSAENLVAIDGYKGAYGGASAGVDIQLMEDFVLGVSGAAF 

SWFFKGQYSLGETQNDMKTRYGVIiGESSASWTSRGVIjADALVEYRSLVGPVRPTFYALHFNPYVEVSY^ 
MKFPGFTEQGREARSFEDASLTNITIPLGMKFELAFIKGQFSEVNSLGISYAWEAYRKVEGGAVQLLEAG 
FDWEGAPMDLPRQELRVALENNTEWSSYFSTVLGLTAFCGGFTSTDSKLGYEAOT 
>gi I 3329271 1 gb J AE001353. 1:9710-14305, 

ATGAGTTCCGAGAAAGATATAAAAAGCACCTGTTCTAAGTTTTCTTTGTCTGTAGTAGCAGCTATCCTTO 
CCTCTGTTAGCGGGTTAGCTAGTTGCGTAGATCTTCATGCTGGAGGACAGTCTGTAAATGAGCTGGTATA 
TCTAGGCCCTGAAGCGGTTTTATTGTTAGACCAAATTC 

GCTGAAGGAC^GTATAGGTTAATTGTAGGAGATCCAAGTTCTT^ 

CCGGGAAGGTAGAGCAAAGTACTTTGTTCTCAGTAACCAATCCCGTGGTTTTCCAAGGTGTGGACCA^ 

GGATCAAGTCTCTTCCCAAGGGTTAATTTGTAGTTTTACGAGCAGCAACCTTGATTCTC 

GAATCTTTTTTAGGTATTGCTTTTC^ 

CTTCTTTGTCTGGAGCGGCTTTATATTCTACAGAAGATCTTATCTTTGAAAAGATTA 
ATTTGC^TC&TGTTCTTCTCTAGAAC^^ 

CAAGGATTGCAGGTTAAAC^CTGTACTACAGCCGTGAATGCT 

GATTTGGAGGAGGCGCTTTCTTTGTTACGGGTTCTCTTTCTGGAGAGAAAAGTCTCTATATGCCTGC7VGG 
AGATATGGTAGTTGCGAATTGTGATGGGGCTATATCTTTTGAAGGAAACAGCGCGAACTTTGCTAATGGA 
GGAGCGATTGCTGCCTCTGGGAAAGTGCTTTTTGTCGCTAATGATAAAAAGACTTCTTTTATAGAGAACC 
GAGCTTTGTCTGGAGGAGCGATTGCAGCCTCTTCTGATAT^ 

CTVAAGGC^ATTGTGCAATTGGAACAGAGGATAAAGGTTCTTTAGGTGGAGGGGCTATATCTTCTCTAGGC 
ACCGTTCTTTTGC^^GGGAATCACGGGATAACTTGTGATAAGAATGAGTCTGCTTCGCAAGGAGGCGCCA 
TTTTTGGCAAAAATTGTCAGATTTCTGACAACGAG 

AGGAGGAGGCGCTATTGCAGCTCAAGAAATTGTTTCTATTCAGAACAATCAGGCTGGGATTTCCTTCGAG 
GGAGGTAAGGCTAGTTTCGGAGGAGGTATTGCGTGTGGATCTTTTTCTTCCGCAGGTGGTGCTTCTGTTT 
TAGGGACCATTGATATTTCGAAGAATTTAGGCGCGATTTCGTTCTC 
TTTAGGACAAATGGAGTACCAGGGAGGAGGAGCTCTATTTCGTGAAAATAT^ 

GGTGTGCTCACCTTTAAAGAC7UICATTGTGAAGACTTTTGCTTCGAATGGGAAAATTCTGGGAGGAGGAG 
CGATTTTAGCTACTGGTAAGGTGGAAATTACTAATAATTCCGAAGGAATTTCTTTTACAGGAAATGCGAG 
AGCTCCACAAGCTCTTCC^^CTCAAGAGGAGTTTCCTTTATT 
TCAGGATATTCTGGGGGAGGAGCGATTTTAGGAAGAGAAGTAGCTATTCTCC7VCA 
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TTGAGCAAAATCGTTTGCAGTGCAGCGA^ 
TCATGGGATGGATAGCACTTCGATTGTTGGGAACTCT 
CAAGG^GTCTC^GGAGGAGCTCTTTTATCTAAAACAGTGC^^ 

CTCGAAATATTGCTAGTTTGGGAGGAGGAGCTCTTCAAGCTTCTGAAGGAAATTGTGAGCTAGTTGATAA 

CGGCTATGTGCTATTCAGAGATAATCGAGGGAGGGTT^^ 

GTAGTCATTTCTGGAAACAAGGGTAGAGTTGAATTT^ 

AAACTGTAGAAAAGGTTGAAGAGGTAGAGCCAGCTCCTGAGCAAAAAGACAATAA 
AGGGAGAGCAGAACAGAGTTTTATTACTGCAGCTAAT 

TCACCTGAGTCATCCATTTCTTCTGAAGAACTTGCGAAAAGAAGAGAGTGTGCTGGAGGAGCTATTTTTO 
C^AAACGGGTTCGTATTGTAGATAACCT^GAGGCCGTTGTATTCTCGAATAACTTCTCTGATATTTATGG 
CGGCGCCATTTTTACAGGTTCTCTTCGAGAAG 
TCAGGC^TGCAGGGGATGTTGTTTTTTCCGGAAA^^ 

GTGGGGGAGCCATTTGTACTCAAAATTTGACGATTTCTCAGAATACAGGGAATO 

CGTGGCCTGTTCGGGAGGAGCTGTTCGTATAGAGGATCATGGTAATGTTCTTTTAGAAGCTTTTGGAGGA 
GATATTGTTTTTAAAGGAAATTCTTCTTTCAGAGCACAAGGATCCGATGCT 

AATCGCATATTACAGCCCTGAATGCTACGGAAGGACATGCTATTGTTTTCCACGACGCATTAGTTTTTGA 
AAATCTAGAAGAAAGGAAATCTGCTGAAGTATTGTTAATCAATAGTCGAGAA7^TC(^GGTTACACTGGA 
TCTATTCGATTTTTAGAAGCAGAAAGTAAAGTTC^^ 

TGCTAAATGGAGCCACATTATGTAGTTATGGTTTTAAAC^GATGCTGGAGCTAAGTTGGTATTGGCTGC 
TGGAGCTAAACTGAAGATTTTAGATTCAGGAACT^ 

GCAGAAATCGAGTC&TCTTCTGAACCAGAGGGTGCACATTCTCTTTC 

CAGTTCCTATGGTTGATATCC^TACTATTTCTGTAGATTTAGCCTCCTTCTCTTCTAG 

GACAGTAGAAGCTCCTC^GGTTATTGTTCCTGGAGGAAGTTATGTTCGATCTGGAGAGCTTAATTTGGAG 

TTAGTTAAC^CAACAGGTACTGGTTATGAAAATCATGCTTTATTGAAGAATGAGGCTAAAGTTCCATTGA 

TGTCTTTCGTTGCTTCTGGTGATGAAGCTTCAGCCGAAATCAGTAACTTGTCGGTTTCTGATTTACAGAT 

TCATGTAGTAACTCCAGAGATTGAAGAAGACAC&TACGG 

CAAGATGGAACTCTTGTCATTAGTTGGAATCCTACTGGATATCGATTAGATCCTCAAAAAGCAGGGGCTT 
TAGTATTTAATGC^TTATGGGAAGAAGGGGCTGTCTTGTCTGCTCTGAAAAATGCACGCTTTGCTCATAA 
TCTC^CTGCT<^GCGTATGGAATT03ATTATTCTACAAATGTGTGGGGATTCGC 

ACTCTATCTGCAGAGAATCTGGTTGCTATTGATGGATACAAAGGAGCTTATGGTGGTGCTTCTGCTGGAG 
TCGATATTCAATTGATGGAAGATTTTGTTC^ 

TCAGAAGTTTGATGCGGAGGTTTCTCGGAAGGGAGTTGTTGGTTCTGTATATACAGGATTT^ 

TCCTGGTTCTTCAAAGGACAATATAGCCTTGGAGAAACACAGAACGATATGAAAACGC 

TAGGAGAGTCGAGTGCTTCTTGGACATCTCGAGGAGTACTGGCAGATGCTTTAGTTGAATACCGAAGT^ 

AGTTGGTCCTGTGAGACCTACTTTTTATGCTTTGCATTTCAATCCTTATGTCGAAGTATCTTATGCTTCT 

ATGAAATTCCCTGGCTTTAt^GAACAAGGAAGAG^^ 

TCACCATTCCTTTAGGGATGAAGTTT^^ 

GGGAATAAGTTATGCATGGGAAGCTTATCGAAAAGTAGAAGGAGGCGCGGTGCAGCTTTTAGAAGCTGGG 
TTTGATTGGGAGGGAGCTCCAATGGATCTTCCTAGACAGGAGCTGCGTGTCGCTCTGGAAAATAATACGG 
AATGGAGTTCTTACTTCAGCACAGTCTTAGGATTAACAGCTTTTTGTGGAGGATTTACTTCTAC^GATAG 
TAAACTAGGATATGAGGCGAATACTGGATTGCGATTGATCTTTTAA 

>gi|3329169|gb|AAC68308.l| Outer Membrane Protein Analog [Chlamydia 
trachomatis] 

MSSKLVITCLRLTFLSFLGIASTSLDAMPAGNPAF^ 

CGD YI FSEEAQVKDVP WTS VTTAGVGPS PDITSTTKTRNFDLVNCNIiNTNCVAVAFSLPDRSLSAIPLF 
DVSFEVKVGGLKQYYRLPMNAYIU)FTSEP^ 

ADYRHASCPIDYI I ANSQANPEVFIADSDGKLNFKEWS VCVGLTTYVNDyVLPYIiAFS IGS VSRQAPDDS 
FKKLEDRFTNLKFKVRKITSSHRGNICIGATNYV^ 
>gi| 3329166 |gb|AE001342.1:c4638-3616, 
ATGAGTAGCAAGCTAGTGAACTATCTCCGTTTGACTTT^ 

TAGACGCTATGCCTGCGGGGAATCCGGCGXTTCCAGTCATCCCGGGGATTAATATTGAACAGAAAAATGC 
CTGTTCTTTCGACTTATGTAATTC^ 

TGCGGAGATTATATCTTTTCAGAAGAAGCTC^^ 

CTGGGGTTGGTCCTTCTCCTGATATTACTTCGACAACCAAAACGCGAAATTTCGATCTCGTGAACTGTAA 
TCTCAATAC^VAACTGTGTAGCTGTAGCTTTTTCCCTTC 

GATGTGAGTTTCGAAGTGAAAGTAGGAGGACTGAAACAATACTACCGCCTTCCCATGAATGCCTATCGAG 

ACTTCACCTCGGAACCTCTCAATTCTGAATCAGAAGTTACGGACGGGATGATTGAAGTACAGTCCAATT^ 

CGGATTTGTTTGGGATGTTAGCTTGAAAAAAGTCATATGGAAAGATGGCGTTTCCTTTGTAGGCGTCGGT 
GCAGACTATCGCCATGCTTCTTGCCCTATTGACTAC^^ 

TCATCGCTGACTCGGATGGGAAACTGAACTTCUUVGGAGTGGAGTGTCTGCGTAGGTCTTACTA 

GAATGACTACGTTCTTCCTTACTTAGCGTTTTCTATAGGGAGTGTTTCTCGCCAAGCTCCGGACGACAGC 

TTCAAAAAATTAGAAGATCGCTTC^CTAACCTCAAATTTAAAGTTCGTAAAATTACCA 

GAAACATCTGCATCGGAGCGACAAACTATGTCGCCGATAACTTCTTC 

AAGCCAGCGCGCTGTGAACGTCTCCGGAGGATTCCAATTCTAA 
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>gi| 3328866 |gb|AAC68034.l| Sulfite Reductase [Chlamydia trachomatis] 
MSLFSKFKAQWMFLHSRELCSSTSDIGNTCSDPVFQV^ 

ALQYGPRSPWSRHMSVLPLHEFLTSYVDLDKIPKSLRPFFPGDLDDTWSLAEAILVYQPRIPFEEFIR 
SAMPLLPRFYSIASSPTCSHGKLELLVRCVSFQGKTQLRYGLCSAFLCKDLQEGESFRGFIQPTRHFTLE 

QKNFGKPLIMIGAGTGXAPYKGFLQHRIYHQDVGSNILFFGERFEKSNFYYRDFLQELIVSGKLQIiFTAF 

SRDSESKLYVQNVIEQQKELIQEVYEQEAFFFVCGKK^^ 

>gi | 3328863 | gb | AE001317 : C2573-1521, 

ATGTCTTTATTTTCTAAATTCAAAGCTCAGTC 

CGGATATTGGGAATACTTGTTCGGATCCTGTT^ 

CTATAAAGTTGGGGATTCTTTGGGGGTATTCCCAACAAATCCTTCCATATTAGTCGATTCAGTTCTAGAT 

GCTTTACAGTATGGCCCC^GGTCTCCTGTCGTATCTCGGCATGCAGATTCTGTTCTCCCTCTTCACGAAT 
TTCTTACTAGTTACGTAGACTTAGATAAAATO^ 

CGATACCTGGTCTTTAGCTGAAGCTATTTTGGTTTACCAGCCGCGTATTCCTTTTGAAGAGTTTATTCGG 

AGTGCGATGCCTTTATTGCCTCGATTTTATTCTATAGCTTC^ 

AGTTGCTCGTGCGCTGTGTTAGTTTCCAAGGTAA^ 

ATGTAAGGACTTACAAGAGGGAGAGTCTTTTCGTGGGTTTATACAACCGACGCGGCATTTTACTT^ 
CAGAAAAATTTTGGGAAACCTTTAATTATGATCGGAGC^GGGACAGGT^^ 

TACAACATCGAATATACC^TCAGGACGTAGGCTCCAATATTCTATTCTTTGGAGAGCGTTTTGAGAAAAG 

TAACTTCTATTACCGGGATTTTCTCCAGGAGCTGATCGTTTCy^ 

TCCAGAGATTCCGAGTCTAAATTGTATGTTC^^^ 

TCTACGAACAAGAAGCTTTCTTTTTTGTTTGTGGGAAAAAAATCCTTGGTACGGAAGTTAAACGTGCTTT 

AGAGCAGATATTAGGTCCTAAGGCGGTACGAGAGCTGATTGCACAGAAGAGACrAGTTTC^GACGTATAC 
TAA 

>gi|3328843|gb|AAC68011.l| Putative outer membrane protein C [Chlamydia 
trachomatis] 2 

MKFMSATAVFAAALSSWEASSIQDQIKNTOCW 

SRLPRKHLSSSSEASPTTEGVSSSSSGETDEKTEEELDNGGIIYAREKLTISESQDSLSNQSIELHDNSI 
FFGEGEVIFDHRVALKNGGAIYGEKEVWENIKS 

EQGGGGIYSEQDMLISDCTNVHFQGNAAGATAVKQCLDEEMIV^ 

NQDGSSETEDTQVSESPESTPSPDDVLGKGGGIYTEKSLTITGITGTIDFVSNIATDSGAGVFTKENLSC 
TNTNSLQFLKNSAGQHGGGAYVTQTMSVTNTTSESITTPPLIGEVIFSEOT 

TVTLTKNSAKESGGAIFTDLASIPITDTPESSTPSSSSPASTPEWASAKINRFFASTAKPAM 
SDQTOQTETSDTNSDIDVSIENILNVAINQNT 

ESVEFDAIGSLLSHYNSAAKEGGAIHSKTVTLSNLKSTFTFADim^IVESTPEAPEEIPPVEGEESTA 
TEDPMSNTEGS SANTNLEGSQGDTADTGTGDVNNESQDTSDTGHAESEEQLQDS TQSNEENTLPNSNIDQ 
SNENTDESSDSHTEEITDESVSSSSESGSSTPQDGGAASSGAPSGDQSISANACLAKSYAASTDSSPVSN 

SSGSEEPVTSSSDSDVTASSDNPDSSSSGDSAGDSEEPTEPEAGSTTETLTLIGGGAIYGETVKIENFSG 
QGIFSGNKAIDNTTEGSSSKSDVLGGAVYAKTL^ 

VTIATPWFS KN SATNNTiNOTTDTQRKDTFGGAIGATS AVSLSGGAHFLEWADLGSAIGLVPGTQNTET 
VKLESGSYYFEKNKALKRATIYAPWSIKAYTATFNQNRSLEEGS 

TLSTTTEGTPATTSGDVTKYGAAIFGQIASSNGSQTDNLPLKLIASGGNICFRNNEYRPTSSDTGTSTFC 
S I AGDVKLTMQAAKGKTI S FFDAIRTSTKKTGTQATAYDTLDINKSEDSETVNSAFTGTILFS SELHENK 
SYIPQNVViaSGSLVLKFOTB^ 

AEGNIFTPPELRIIDTTTGGSGGTPSTDSESNQNSDDTEEQNNNDASNQGESANGSSSPAVAAAHTSRTR 

NFAAAATATPTTTPTATTTTSNQVILGGEIKLIDPNGTFFQNPALRSDQQISUiVLPTDSSK^ 

TODIAPQKGYTGTLTLDPDQLQNGTISVLWKFDSYRQW 

MNLARFEEVSYWNLWISGLGTMLSQVGTPTSEEFTYYSRGASVALDAKPAH^ 
RENNYTHKGSEYSYQASVYGGKPFHFVINKKTEKSLPL^ 

LGWLTALRVS S VLRTPAQGDTKRITVYGELEYS S IRQKQFTETEYDPRYFDNCTYRNLAI PMGLAFEGEL 
SGND ILMYNRFS VAYMLS I YRNS PTCKYQVLS SGEGGE 1 1 CGVPTRNSARGE YSTQLYLGPLWTLYGS YT 
I EADAHTLAHMMNCGARMTF 
>gi | 3328842 | gb | AE001315. 1:120-5432, 

ATGAAATTTATGTCAGCTACTGCTGTATTTGCTGCAGCACTCTCCTCCGTTACTGAGGCGAGCTCGATCC 

AAGATCAAATAAAGAATACCGACTGCAATGTTAGCAAATTAGGATATTCAACTTCTC^^ 

TATGATGCTAGC^GACS^CACAGAGTATCGAGCTGCTGATAGTGT^ 

TCCAGATTACCTAGAAAACATCTTAGTAGTAGTAGTGAAGCTTCTCCAACGACAGAAGGAGTGTCTTCAT 

CTTCATCTGGAGAAACTGATGAGAAAACAGAAGAAGAACTAGACAATC 

GAAACTAACTATCTCAGAATCTCAGGACTCTCTCTCT^ 

TTCTTCGGAGAAGGTGAAGTTATCTTTGATCACAGAGTTGCCCTCAAAAACGGAGGAGCTATTTATG^ 
AGAAAGAGGTAGTCTTTGAAAACATAAAATCTCTACTAGTAGAAGTAAATATCGCGGTCGAGAAAGGGGG 
TAGCGTCTATGCAAAAGAACGAGTATCTTTAGAAAATGTTACCGAAGCAACCTTCTCCTCCAATGGTGGG 
GAACAAGGTGGTGGTGGAATCTATTG&GAACAGGATATGTO 

AAGGGAATGCTGCAGGAGCAACAGC^GTAAAACAATGTCTGGATGAAGAAATGATCGTATTGCTCGC^ 
ATGCGTTGATAGCTTATCCGAAGATAC&CTGGATAGC^CTCCAG 

AATCAAGACGGTTCGTCTGAAACAGAAGATACTICAAGTATC^GAATCACCAGAATCAACTCCTAGCCCCG 
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ACGATGTTTTAGGTAAAGGTGGTGGTATCTATACAGAAAAATCTTTGACCATCACTGGAATTACAGGGAC 
TATAGATTTTGTCAGTAACATAGCTACCGATTCTGGAGCAGGTGTATTCACTAAAGAAAACTTGTCTTGC 
ACCAACACGAATAGCCTACAGTTTTTGAAAAACTCGGC^^ 

AAACCATGTCTGTTACTAATACAACTAGTGAAAGTATAACTACTCCCCCTCTCATAGGAGAAGTGATTTO 
CTCTGAAAATAC^GCTAAAGGGCACGGTGGTGGTATCTGCACTAACAAACTTTCOT 

ACGGTGACTCTCACTAAAAACTCTGCAAAGGAGTCTGGAGGAGCTATTTTTACAGATCTGGCGTCTATAC 
CAATAACAGATACCCCAGAATCTTCTACCCCCTCTTCCTCCT 

TTCTGCTAAAATAAATCGATTCTTTGCCTCTACGGCAAAACCGGCAGCCCCTTCTCTAACAGAGGCrGAG 
TCTGATC^UUVCGGATCAAAC^GAAACTTCT^^ 

TGAATGTCGCTATCAATCAAAACACTTCTGCGAAAAAAGGAGGGGCTATTTACGGGAAAAAAGCTAAACT 
TTCCCGTATTAAC^TCTTGAACTTTCAGGGAATO^ 
GAAAGCGTAGAATTTGATGCAATTGGATCGCTCTTATCCC^^ 
CTATTCMTCTAAAACGGTTACTCTATCTAAC^^ 

AGCAATAGTAGAAAGCACTCCTGAAGCTCCAGAAGAGATTCCTCC^GTAGAAGGAGAAGAGTCTACAGC^ 

ACAGAAGATCCAAATTCTAATACAGAAGGAAGTTCGGCTAACACTAACCTTGAAGGATCTCAAGGGGATA 

CTGCTGATACAGGGACTGGTGATGTTAACAATGAGTCTCAAGACACATCAGATACTGGAAACGCTGAATC 

TGAAGAACAACTACAAGATTCTACACAATCTAATGAAGAAAATACCCTTCCCAATAGTAAT^ 

TCTAACGAAAACACAGACGAATCATCTGATAGCCACACTGAGGAAATAACTGACGAGAGTGTCTCATCGT 

CCTCTGAAAGTGGATCATCTACTCCTC^AGATGGAGGAGCAGCTTCTTCAGGGGCTCCCTCAGGAGATCA 

ATCTATCTCTGCAAACGCTTGTTTAGCTAAAAGCTATGCTGCGAGTACTGATAGCTCCCCCGTATCTAAT 

TCTTCAGGTTCAGAAGAGCCTGTCACTTCTTCTTCAGATT 

ACTCTTCCTCATCTGGAGATAGCGCTGGAGACTCTGAAGAACCGACTGAGCCAGAAGCTGGTTCTACAAC 
AGAAACTCTTACTTTAATAGGAGGAGGTGCTATCTATGGAGAAACTGTTAAGATTGAGAACTTCTCTGGC 
CAAGGAATATTTTCTGGAAACAAAGCTATCGATAACACCACAGAAGGCTCCTCOT 

TCGGAGGTGCGGTCTATGCTAAAACATTGTTTAATCTCGATAGCGGGAGCTCTAGACGAACTGTCACCTT 
CTCCGGGAATACTGTCTCTTCTCAATCTACAACAGGTC^GGTTGCTGGAGGAGCTATCTACTCTCCTACT 
GTAACCATTGCTACTCCTGTAGTATTTTCTAAAAACTC TG CAACAAACAATG CTAATAACAC TACAGATA 

CT(^GAGAAAAGACACCTTTGGAGGAGCTATCGGAGCTACTTCTGCTGTTTCTCTATCAGGAGGGGCTCA 
TTTCTTAGAAAACGTTGCTGACCTCGGATCTGCTATTGGGTTC 

GTGAAATTAGAGTCTGGCTCCTACTACTTTGAAAAAAATAAAGCTTTAAAACGAGCTACTATTTACGCAC 

CTGTCGTTTCCATTAAAGCCTATACTGCGACATTra 

TTACTTTACAAAAGAAGCATCTATTGAGTCTTTAGGCTC 

ACGCTAAGCAC^^CTACAGAAGGC^CACCAGCCACAACCTCA^ 

TCTTTGGACAAATAGCAAGCTCAAACGGATCTCAGACC^ 

AGGAAATATTTGTTTCCGAAACAATGAATACCGTCCTACTTCTTCTGATACCGGAACCTCTACTTTCTGT 

AGTATTGCGGGAGATGTTAAATTAACCATGCAAGCTGCAAAAGGGAAAACGATCAGTTTCTTTC 

TCCGGACCTCTACTAAGAAAACAGGTAC^CAGGCTiACTGCCTACGATACTCTCGATATTAATAAATCTGA 

GGATTCAGAAACTGTAAACTCTGCGTTTACAGGAA 

TCCTATATOCCACAAAACGTAGTTCTACACAGTG 

TTATTTCTTTTGAGCAGAAAGAAGGCTCTTCTCTCGTTATGACACCTGGATCTGTTCTTTCGAACC^ 
TGTTGCTGATGGAGCTTTGGTC^TAAATAAC^^ 

GCTGAAGGAAATATCTTTACTCCTCCAGAATTGAGAATCATAGACACTACTACAGGTGGAAGCGGTGGAA 
CCCCATCTACAGATAGTGAAAGTAACCAGAATAGTGATGATACCGAGGAGCAAAATAATAATGACGCCTC 
GAATCAAGGAGAAAGCGCGAATGGATCGTCTTCTCCTGCAGTAGCTGCTGCACACACATCTCGTACAAGA 
AACITTGCCGCTGCAGCTACAGCCACACCTACGAC^ 

TAATCCTAGGAGGAGAAATTAAACTC^TCGATCCTAATGGGACCTTCTTCCAGAACCCTGCATTAAGATC 
CGACCAACAAATCTCCTTGTTAGTGCTCCCTACAGACTCATC^^ 

ACGGGTGATATTGCTCCTCAGAAAGGATATACAGGAACACTCACTCTGGATCCTGATCAACTA 
GAACGATCTC^GTGCTCTGGAAATTTGACTCTTATAGACAATGGGCTTATGTACCTAGAGACAATCATTT 

ctatgcgaactcgattctgggatctcaaatgttaatggtcacagtcaaacaaggcttgctcaacgataaa 
atgaatctagctcgctttgaggaagttagctataacaacctgtggatatcaggactaggaacgatgctat 
cgcaagtaggaacacctacttctgaagaattc^cttat^ 

taaaccagcccatgatgtgattgttggagctgc^tttagtaagatgatcgggaaaacaaaatc 

agagagaataactacactcacaaaggatccgaatattcttaccaagcatcggtatacggaggcaaaccat 
tccactttgtaatcaataaaaaaacggaaaaatcgctac^ 

atatatcaaacatgatacagtgactcactatccaacgatccgtgaacgaaacaaaggagaatgggaagac 
ttaggatggctgacagctctccgtgtctcctctgtcttaagaactcctgcacaaggggatactaaacgta 
tcactgtttacggagaattggaatactccagtatccgtcagaaacaattcacagaaacagaatac 

tcgttacttcgacaactgcacctatagaaacttagcaattcctatggggttagcattcgaaggagagctc 
tctggtaacgatattttgatgtac^cagattctcto^ 

caacatg caaatac cl^gtgctctottcaggagaaggcggagaaattatttgtggagtaccgacaagaaa 
ctcagctcgcggagaatacagcacgcagctgtacctgggacctttgtggactctgtatggatcctacacg 
atagaagcagacgcacatacactagctcatatgatgaactgcggtgctcgtatgacattctaa 

>g±i332B815|gb|AAC67986.l| hypothetical protein [Chlamydia trachomatis] 
MMKPLRFGYFFCAlYFTLLQAAFAKEPNSCPDCQim^ 
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FLDSCCQVIVENQTAYLFSLPTDDVTRNAI^ 

CTKVCGKEAIWLPQNTILFS PLVADPRQATNSAG IRFNDEVLGKRVGSATFGGDFI FLRLFD ISRFHGDM 
DIGLQGAVFSVFDLDHPEACMVNSDFFVAALCOTAVNKra 

SDEAVDFFASFRYTPQIRVYGGIGYIISRDLTFPEDPLYFEGGIELRPFGLREDNLHAQPVFAMHFRFWE 
5 EHDFSIDQTYIVGMEWSKFQDVGRKVRAVLEYHQGFSHEGQFVREECDYYGFRLSYGF 
>gi | 3328812 |gb | AE001312. 1:2790-4016, 
ATGATGAAACCTCTACGTTTCXMTTATTTCTTTTC 
CTAAAGAACCGAATTCTTGTCCCGACTGCCAGAATAATTC 

AGAAAACATCATTCATGCTGATGATGCTTGTTATCACTCTGGTTATGTACAGGCTCTC^ 
10 TTCTTAGATAGCTGCTGCC^GGTCATCGTTC 

ATGTTACGCGCAACGCCATTATCAACCTAATTAAAGACCTTCCATTCATTCACTCCGTAGAAATCTGCC^ 

AGCATCCTATCAAACCTGTCATCATCAAGGCCCT 

TGTACAAkGGTCTGTGGAAAAGAAGCTATTTGGTTACCAC^ 

CAGATCCTAGACAAGCAACTAATAGTGCAGGTATCCGTTTTAACGACGAAGTCTTAGGAAAACGTGTTGG 
15 CTCTGCTACCTTCGGTGGAGATTTCATCTTCTTACGATTATTTGATATCTCCCGATTCCATGGAGACATG 

GATATTGGTCTCCAAGGAGCTGTATTCTCTGTTTTCGACCTGGATCATCCAGAAGCTTGCATGGTCAACT 

CTGACTTTTTTGTCGCCGCTTTGTGCAACTTTGCAGTGAACAAATGGAGCTACCGCTTCAGACTATGGCA 

TCTTTCTTCTC&TCTTGGCGACGAATTTATTC 

AGCGATGAAGCCGTCGATTTCTTTCCTTCTTTTC 
20 GGTATATCATTAGTCGAGATTTAACATTCCCTGAAGATCCTCTTTACTTTGAAGGAGGTATCGAACTACG 

TCCTTTCGGATTACGGGAAGACAACCTTCATGCCCAACCCGTCTTTGCTATGCATTTTCGCTTTTGGGAA 

GAGCATGACTTTTeTATAGACCAAACTTATATAGTAGGCATGGAGTGGTCCAA^ 

GAAAAGTGCGCGCTGTATTGGAATACCACC^^GGTTTCTCCC^ 

CGATTATTATGGCTTTCGATTAAGTTATGGCTTCTAG 

25 

>gi|332865l|gb|AAC67834.l| Omp85 Analog [Chlamydia trachomatis] 

MLGIRKKTILQLAVLLLLTFSRSSFCSTSEGRMVVESITITTQGENTQNKRAIPKIKTKQGTLFSQADFD 
EDLRTLSKDFDRVEPIVEFRNGQAVISLILTAKPVIRE:^ 
KNFDALRTLYLKRGYYDSQLSYSHNHNEKEGFIDISI 
30 QYSTTTSWFTGAGVYHPDMVEQDLFAITNYFQI^GYADAKVSKEVSTDAKGNITLL 

HIEGFTALSKRLLDKQLLVGPNSLYCPDKIWTGAQKIRSAYARYGYVNTNVDVSFSAHPTLPVYD 

SEGSPYKIGLIKIKGimn'KHDVILHETSLFPGDTFDRLKLEGTETRLRNTGYFKSVSVYTVRSQLDPI^ 

SNDLYRDVFIEVKETETGNLGLFLGFSSIDHLFGGAEIAESNFD^ 

NLGDKVTD YTVKWTKPHFLNTP WILGVELDKS XNKALSKDYSVDTYGGNIS TT YI LNDKL KYGMYYRGS Q 
35 TSLSLRKKTSSSNRPGPDLDS^GFVSAAGLNVLYDSIDNPRKPTMGIRSSLNFELSGLGGTYQFTK^ 

SGSIYRLLTKKGVLKVRAEAKFIKPFGTTTAQGIPVSERFFLGGETTVRGYKPFIIGPKFSPTEPQGGLS 
SLLLTEEFQYPLISQPCINAFVFLDSGFIGIEEYTIRLKDLCSSAGFGLRFDMMNITVPIMLGWGWPFRPT 
E ILNNEKIDVS QRFFFALGGVF 

>gi | 3328646 |gb|AE001297. 1:4000-6378, 
40 ATGCTTGGAATACGC&AAAAAACGATTCTGCAACTC^^ 

CTTTCTGTTCAACTTCAGAAGGACGTATGGTCGTAGAGTCTATCACCATTACGACTCAAGGAGAGAATAC 
TCAAAATAAACGAGCTATTCCTAAAATAAAAACAAAGCAGGGGACGTTGTTCTCTCAAGCAGATTTTGAT 
GAAGATCTAAGAACACTTTCGAAAGATTTTGATCGAGTAGAGCCTATCGTAGAGTTTCGTAATGGACAAG 
CTGTGATCTCTCTGATTCTGACGGCAAAACCTGTTAT 

45 CCCCACTCATAAAATTCTGAAAACTTTAGAGCTTTATAAAAATGATCTTTTTGATCGGGAATTATTCTTT 
AAAAATTTTGATGCGCTAAGAACTCTTTATTTGAAACGAGGGTACTACGATTCTCAACTCTCCTATTCTC 
ATAATCATAATGAGAAAGAGGGCTTTATCGATATTTCCATCGAGATTAAAGAAGGACGTCACGGTCGCAT 
AAAAAAATTAACGATTTCGGGAATTACGCGAACAGAAGC^^ 

CAATACTCCACAACAACGAGCTGGTTCACTGGTGCCGGAGTGTATCATCCGGACATGGTAGAGCAAGACT 

50 TATTTGCTATCACAAATTACTTCCAAAATAAAGGAT 

AGATGCTAAAGGAAACATTACnrrTGCTTATCGTTGTAGACAAAGGACCTTTATACACAOT 
CATATAGAAGGATTCAC^GCGTTATCCAAAAGACTGCTCGATAAAC^CTATTGGTTGGA 
TATATTGCC<^GATAAAA1TTGGACTGGAGCAC7VAAAGATTCGTAGCGCATACGCTAG 
GAAC^CTAACGTTGATGTCTCCTTCTC^GCGCACCCC^CTCTACCTGTTTACGATGTTACCTATCGAGTG 

55 AGTGAAGGATCTCCCTACAAAATCGGGTTAATTAAAATCAA^ 

TTITGC^TGAGACTAGTCTTTTCCCTGGAGACACTTTTGATAGATTAAAACTGGAAGGT^ 
TTTACGC^CACCGGCTACTTTAAAAGTGTAAGTGTCTATACGGTTCGTTCCC^TTAGATCCTC 
TCTAACGACCXTTATCGAGATGTTTTTATTGAAGTCAAAGAGACTGAAACAGGAAATCTTGGGCTATTCT 
TAGGATTCAGCTCCATTGACCATTTATTTGGAGGGGCAGAAATTGC^GAAAGCAACTT 

60 AGCCCGAAACTTTCTCAAAAAAGGATTCAAATCTTTAAGAGGTC 
AATTTAGGAGATAAGGTC&CCGATTACACTGTT^ 

TTCTTGGAGTAGAATTAGATAAATC^TTAATAAAGCTTTATCAAAAGACTACTCTGTGGATACCTATGG 
AGGGAATATC^GTACCACCTACMTCTT^ 

ACAAGCTTAAGTTTGCGC^AAAAAACGTCCAGCTCTAATAGACCTGGACCAGATTTAGATAGTAATAAAG 
65 GATTTGTTTCCGCAGCGGGACTCAATGTTCTCTATGATTC 

AATCCGCAGCTCCTTAAACTTTGAATTATCTGGTTTAGGCGGAACTTACCAATTTACTAAACTAACAGCT 
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AGTGGTTCTATCTATCGCnTATTAAC 
AACCTTTCGGAACAAC^CTGC&CAAGGCATTC^^ 
TGTTCGCGGTTACAAACCTTTTATTATTC^ 
TCCCTACTATTAACAGAAGAATTTCAATATCCTTTGATTTC^ 

TAGATTCCGGATTCATTGGGATAGAAGAGTACACTATTCGCCTGAAAGACCTTTGCAGTAGCGCCGGATT 
TGGTCTACGCTTTGATATGATGAATAATGTGCCAATTATGCTAGGCTGGGGTTGGCCGTTCCGCCCAACA 
GAAATCCTCAATAATGAAAAAATTGATGTATCTCAAAGATTCra 

>gi|3328587|gb|AAC67774.l| CMP-2-keto-3-deoxyoctulosonic acid synthetase 
[Chlamydia trachomatis] 
MFAFLTSKKVGILPSRWGSSRFPGKPLAKILGRTL^ 

LCVMTSTSCANGTERVEEWSRHFPQAEIVVNIQGDEPCIiSPTVIDGLVSTLENNPAM 
EAILTOHKVKCVFDKNGKALYFSRSAIPHNFKHPTPIYLHIGV^ 
LRVLEIGRS I YVHWQNATGPS VDYPED ITKVEQYLLCIj SKAS F 
>gi| 3328586 |gb|AE001292. 1:216-980, 

GTGTTTGCGTTTTTAACCAGCAAAAAAGTCGGCATTCTCCCCTCTAGATGGGGAAGCTCCCGCTTCCCCG 
GAAAACCTCTAGCAAAAATTCTAGGGAAAACCCT^^ 

ATCTCTAGATTGCGTTGTTGTGGCAACAGATGAT 

CTCTGTGTC^TGACTAGCACATCTTGCGCTAACGGAACTGAGCGAGTAGAAGAGGTTGTGTCTCGACA^ 

TTCCTCAAGCAGAGATTGTTGTGAACATCCAAGGAGACGAGCCCTGTTTATCTCCTACCGTCATAGA^ 

GCTVTGTGAGCACGCTAGAGAACAATCCTGCTGCAGATATGGTCACATCTGTTAC^ 

GAAGCGATATTGACAGATCACAAAGTGAAGTGTGTTTTC^ 

GAAGCGCTATTCCTCACAACTTTAAACACCC^ 

AAAAGCTTTTCTAAGTGAATATGTTAAAATO^ 

^ACGAGTATTAGAAATAGGTCGTTCTATCTACGTTCATGTOT 

ATTATCCCGAAGATATAACCAAAGTGGAGCAGTATTTATTATGTCT 

>gi|3329039|gb|AAC68l97.l| Thio: disulfide Interchange Protein [Chlamydia 
trachomatis] J 

MIRQWYGFFLCLLFSYTSCFGVEENSGRATPTVELVSESEQAVEGEVLRIGVLIAIPEGEHIYWKNPGKL 
GMPLRISWDLPSGCRLLEEHWPTPEIFEEDGVVYFGYKHSTMWAD^ 

ASCLPGS SSRVLVIP IDQGPL I PNSKETFTFSRAIiAAQPRPLDAAIKI S YQPDGLDVFVPAGKADRATQA 

WF 1AENTRDFAYAQEVPLEQATTYIVJKLKHPEGNMPKGIGLSG IL IFOT 

LSWRPIiSILLMAFIGGILLNIMPCVLPLITLKVFSLIBCSAADHHSSSVIGGIGFTLGAIVSFW 

LLKVLGQNIGWGFQLQEPMFVAVL 1 I VFFLFALS SLGVFEMGI I CLSLGKKLQEEGGAS VRKNQI WGAFF 

NGMLTTLVTTPCTGPFLGSVFGLVMAVSFVKQLAIFTAIGLGMASPYLLFASFPKMIiAIL 

KQLTGFMLLATATWL IWIFGVETSATAVTILLVGLWLAAVGAWILGRWGTLVS PRNQRLLAS WF I FCIL 

SSLVITSIGVRYFDENVPPAHSSDWQSFSPEKLADLREKGIPV^ 

AKGVVTLEADWTKKDPKITEEIjARLGRASVPS 

>gi | 3329034 | gb|AE001330. 1:06695-4617, 

ATGATTCGGCAATGGTATGGATTTTrTCTTTGCT^ 

AAAATAGTGGAAGAGCTACGCCTACAGTAGAACTTGTTAGTGAAAGCGAAC^AGCTGTTGAAGGAGAAGT 

GCTTCGTATCGGAGTATTGATTGCTATTCCAGAAGGAGAGC^TATCTACTGGAAAAATCCAGGGAAGCTT 
GGAATGCCTTTGCGC^TTTCTTGGGATTTC^ 

CAGAGATTTTCGAAGAGGATGGGGTTGTTTATTTTGGTTATAAACATTCTACAATGGTC 

TCGCGTTTCTAAAGAGATAGAAACGCGTCCATTGGAGATAAAAGCGCAAGTTGAATGGTTGTCTTGCGGT 
GCATCTTGTCTCCCAGGTTCTTCGTCAAGGGTTCT^ 

ATAGTAAAGAGACATTCACTTTTTCCCGTGCGTTAGCGGCTCAACCTCGACCTTTGGATGCTGCCATAAA 
GATTTCTTATCAGCCTGATGGCTTAG 

TGGTTCATTGCTGAAAACACGCGAGATTTTGCTTATGCTCAAGAGGTTCCTCTTGAGCAAGCGACTACGT 
AC^TATGGAAGTTGAAAC^TCCTGAAGGAAATATGCCTAAGGGTATTGGGTTGTCGGGGATTCTTA 
CAAGGATGATGCAGGGAAAGTAGTCGCTTCGTATO^^ 
TTGAGCTGGAGGTTTCTCTCTATTCTTCT^^ 

GTGTATTGCCTCTGATTACTTTGAAAGTATTTAGTTTAATTAAATCGGCGGCAGATC^CCATTCTTC 
TGTGATTGGAGGGATTGGGTTTACTTTAGGGGCTATTGTAAGCTTTTGGGGACTCGCTTTTTGTGCGTTT 
TTGTTAAAGGTTTTAGGGCAAAATATTGGATGGGGATTCC^GCTTCAAGAACCCATGTTTGTTGC 
TAATTATTGTCTTCTTCTTA^^ 

CCTAGGGAAAAAATTGCAAGAAGAGGGAGGGGCATCGGTAAGGAAGAATCAGATCTGGGGAGCTTTTTTC 

AATGGGATGTTGACTACCCTGGTTACAACTCCTTGCACTGGGCCTTTTCTTGGCTCTGTATTTGGATTAG 

TTATGGC^GTGTCTTTTGTTAAGCAGCTGGCAATTTTTACTGCT^ 

TCTATTATTTGCTTCTTTTC^ 

AAACAGTTGACTGGGTTTATGTTGCTTGCTACTGCAACTTGGCTTATCTGGATTTTTGGGGTAGAGACGA 
GTGC^ACCGCTGTAACTATTCTTCTTGTAGGATTGTGGTTGGCTGCTGTAGGTGCATGGATTCTAGGGAG 
ATGGGGAACCCTTGTATCTCCGCGTAATC&GCGGCTTCTTGCTTCCGT 

AGTTCCTTAGTGATTACCTCTATAGGTGTCCGTTATTTTGATGAGAACGTCCCTCCTGCACATAGCTCTG 
ATTGGCAATCTTTTTCTCCCGAAAAGCTAGCTGATTTACGCGAAAAAGGGATTCCAGTTTTTGTAAATTT 
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CACTGCAAAGTGGTGTTTAACGTGTCAACTCAATAAGCCTCra 
GCTAAGGGCGTAGTTACTTTAGAAGC^GATTGGACGJ^^ 

GTTTAGGCCGAGCCAGTGTACCTTCTTATGTGTATTACCCTGCGGGGAACAAAGCTCCGCTTATTCTTCC 
AGAAAGATTATCGCAATCTGCTTTGGAAGAGATGGTTTTTTCTCAGTAG 

5 

>gi|3329000|gb|AAC68161.l| Yop proteins translocation lipoprotein J 
[Chlamydia trachomatis] 

MFRYTLSRSLFFILALFFCSACDSRSMITHGLSGRDANEIVVLLV^ 
ISVPAAQITEALAILNQAGLPRMKGTSLLDLFAKQGL^^ 
10 VQ I S FS PEEEDQRPI/TAS VYIKHRGVLDNPNS IMVS KIKRLVASAVPGLCPENVS WSDRAS YSDITING 
PWGLSDEMNYVSVWGI ILAKHSLTKFRLVFYFLIIiLLF ILSCGLLWVlWKTHTLISAIiGGTKGFFDPAPY 
SQLSFTQNKPAPKETPGAAEGAEAQTASEQPSKENAEKQEENNEDA 
>gi | 3328999 |gb|AE001327. 1:84 -1064, 

ATGTTTCGTTATACTCTTTCTCGATCCTTATTTTTCATTTTGGCTCTTTTCTTCTGCTCGGCTTGTGATA 
15 GTCGTTCCATGATTAC^CACGGCTTGTC&GGACG 

AGGGGTCGCTGCACAGAAAGTTCCCCAAGC^GCGTCCTCAAC^GGAGGATC 
ATTTCGGTTCCTGCAGCACAAATTACAGAGGCTCTAGCT^ 

AAGGAACCAGCCTTCTTGATCTATTCGCTAAACAAGGGCTGGTCCCTTCTGAAATGCAAGAAAAAATCCG 
CTACCAAGAAGGTCTTTGAGAACAAATGGCTA 

20 GTACAGATTTCCTTTTCTCCTGAAGAAGAAGATCAACGGCCGCTAACAGCCTCTGTATAT^ 

GAGGGGTATTAGAC^CCCTAACAGTATTATGGTGTCTAAGATTAAACGTTTAGTTGCGAGTGCTGTCCC 
AGGACTATGTCCCGAGAACGTTTCCGTAGTCAGTGACCGAGCTTCTTATAGTGACATTACTATTAATGGC 
CCTTGGGGACTCTCCGATGAAATGAATTATGTTTCTGTATGGGGGATCATTCTAGCTAAGCATTCCCTTA 
CTAAATTCCGCCTTGTTTTCTATTTCTTAATTC 

25 CATTTGGAAAACACACACACTGATTTCTGCTCTGGGTGGAACAAAAGGATTCTTTGA 
TC^C^GCTCTCCTTCACTCAGAATAAGCCAGCTCCAAAAGAAACTCCTGGAG 

CGCAAACCGCTTCGGAACAACCCTCTAAAGAAAACGCAGAAAAACAAGAAGAGAATAACGAGGACGCT^ 
A 

30 

>gi|3328905|gb|AAC68071.l| hypothetical protein [Chlamydia trachomatis] 
MEKRGVIVHILVCLLTIFGTFSLPAFGAHFLAEEEQFYMDRF^ 

SFPKLESWYKGSFGLLRSKIKGECPELSSVNLSCTSCRMDLDFRGEWKKNASIYIRNEQEPITIMLPKD 
IGVWYTQVDMNS KWAEGSL IKRGRGFWKKTFRNS LVGESPVTLTFHVETRNGGVI FLR 
35 >gi | 3328891 | gb | AE00132 0.1: C11104 -10502 , 
ATGGAGAAGAGAGGCGTTATTGTGCATATACTAGTCT^ 
CCGCTTTCGGCGCGCATTTTCTCGCGGAAGAAGAGCAGTTO 

GTATCCAGATATGGAAACTATGGAAATCCATGCAGAAAGAAAAAAACGTGTACAATTTGATG 
AGCTTCCCTAAGTTGGAGAGTOTGGTTTATAAGGGATCTTTTGGATTGCTGCGTTCGAAAATA 
40 AGTGTCC^GAACTGTCTTCTGTAAATCTTTCTTGTACCTCCTGCAGAATGGATTTAGATT^ 

GTGGAAAAAGAATGCGTCTATTTATATTCGTAATGAGCAAGAGCCAATTACAATTATGTTGCCTAAAGAC 
ATTGGTGTAGTTGTCTATACGC^GGTTGATATGAATAGTAAA 
GAGGAAGAGGTTTTTGGAAGAAAACTTTTCGGAATTCTTTGGTA^ 
TCATGTAGAGACTCGTAATGGAGGAGTTATTTTTCTCCGTTAG 

45 

>gi| 3328884 |gb|AAC68051.l| Phosphatidate Cytidylytransf erase [Chlamydia 
trachomatis] 

MFDSDHNS IFQSDLCQRLWHS ILLTFLVILLCTSLYPSSAFI VGLLSSACAALGTYEMGAMVRIKFPFS 
50 FTRYSALGSAIFIALTCLTARCKMCFPEHIDLLPWFFLFFWXIRLVFKSRHYKLGPIGSTGLALFCMLW 
SVPIRLFI^ILYGFVHTOTPFVGIWWAIFLIAITKSSDIFGYFFGKAFGKKRIAPVISPNKTW 

CGSILVSIiLFYSHLPKAFADQIAVPWILIALGTVLGVSGFFGDIIESTFKRDAQIKNSSDLESIGGMLDV 
IiDSLLLSTPIVYAILLITQNRTFLG 

>gi | 3328881 |gb | AE001319. 1:1804-2721, 

55 ATGTTCGATTCGGATCATAATTCCATTTTTCAA 

TTCTTACTTTCCTTGTCATTCTTCTCTGTAC^TCTTTATATCCCAGCTCAGCCTTTA 
TTCCTCCGCTTGCGCAGCTCTAGGAACATATGAGATGGGGGCTATGGTTAGAATCAAGTTTCCATTTTCT 
TTCA(^CGCTATAGTGCATTAGGATCCGCTATTTTCATTGCTCTGACCTGTCTTACAGCTCGTTGTAAAA 
TGTGTTTTCCAGAGCATATAGACCTACTTCCTTGGTTCTTTCTCTTCTTTTGGACGATTCGCTTAGTATT 

60 TAAAAGTCGCCATTATAAACTTGGTCCCATAGGCTCAACTGGGCTro 
TCAGTCCCTATCCGCTTGTTCCTCCACATTTTGTATGGGTTO 
TTTGGTGGGCGATTTTTCITATCGCTACAACAAAAAG 
TTTTGGGAAAAAACGC^TTGCACCAGTCAT^^ 

TGTGGATCTATCTTGGTTAGCCTTCTTTTCTACTCCCATCTTCCTAAAGCCTTTGCTGATCAGATTGCGG 
65 TGCCTTGGATCCT(^TTGCTTTAGGTACTGTGTTGGGCGTTAGTGGATTCTTTGGAGACATTATCGAAT^ 
TACGTTCAAACGGGATGCACAGATCAAGAACAGCAGTGATCTGGAGTCTATCGGAGGAATGCTAGATGTG 
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CTAGACTCCTTGCTTCTTTCGACTCCTATCGTTTACGCTATC 
TAGGATGA 



5 >gi (3328855 |gb|AAC68022.i| hypothetical protein [Chlamydia trachomatis] 
MRRSVCYVTPSVARAGQISTWRFEYSSANPLPEGTLLKFDLGIDGRPIDWEIPSTDLSQPCNTIYLETPS 
EDIVAAKAVYAPGGYIPTFEFTLPCTVEAGDTFSIILGSSPNPPQEDSSGNGAQIjPTQRRKPFSLyVDPS 
GKGSFEDPDIFTMDIRGNVLKNIRIFAPSYVIKNKRFDITVRFEDEFGNLTNFSPEETHIEL 
IiNWQLFIPETGFVILPl^YFNEPGIYRIQIiRNQATKEVFTSA^ 

10 NIESCLRYFRDDCmNFFATSSFEIQDGLTPETIKTINQTVADFNEEDRFIALSGAQYLSEEPGEGIREV 
LLMKEPKSPGKHKECKLFPLSICLiYKQSTSHELISIPSFTASKKFGYNFNNFHPEFERVVEIYNAWGCSER 
TEAEGNPFPIKGS IDSENPEGTVLS ALKRNLRFGFVAGGLDDRNLYNHFFDSDQQQYS PGLTAVI CNKYS 
RDSLLEALYQRQCYATTGQRIIVNFQITSAPMGSEIiSTAIKPGLVINRHISGYVAGTAKIAS IEI IRNED 
ILHTFHPDGNNFEYEYDDLS PFAQVTLKDPQNGAPFAF YYLRVTQEITGAMAWS SP IWIDLN 

15 >gi | 3328850 | gb | AE001316. 1:4105-5970, 

atgcgcagatctgtttgttacgttactccttcagttgctagggctggtcaaatttctacctggcgtttcg 

aatattcttcagctaatttccttcccgaaggc^cattgctaaaatttg 

tatagactgggagattccttctacagatctttctc^ 

gaggatattgtggctgcaaaagctgtgtatgctcccggaggctatatccctactttcgaatttactctcc 
20 cttgtgatgtggaagctggggacactttctctattat^ 
ctcttcaggtaatggtgctcaattatttactcaac^ 
gggaaaggatcttttgaagatcccgatatcttcacaa^^ 
ggatttttgctccttcttatgtgatcaaaa^ 

tgggaacttaaccaatttctccccagaagagacccatatcgagctttcgtacgaacatcttcgcgaaa^ 
25 ctcaattggcaattgttgatccctgaaacaggc 

gtatttatcgtattcaactacgcaatcaagcaacaj^^ 

tgcagaaacctcctctcatcttttgtgggggcttctacatggagaatctgaacgtgtcgact 
aatatcgagtcttgcitgcgttattttcgtgatgactgcgcgttaaacttttttg 
aaattcaagatggcctgacccgagaaac(^t^ 
30 agatcgtttcattgccttatccggagcacagtacctttctc 

ttgctgatgaaggaacccaaatccccagggaaacata^gaatgcaaactatttcctttatct 
ataagcaatcaactagtcatgagttaatctcaa 

ttttaataatttccatcctgaatttgaaagagttgttgaaatttataatgcctggggatgctctgaaaga 
actgaagctgaaggaaaccctttccctattaaaggttctatcgactca^^ 
35 tatctgctttaaagagaaacctgcgttttggattcgtagccggtggtcttgatgatagaaatctatac^ 
tcacttttttgattccgatcaacagcaatactcccctggattaacag 

cgggattccttactcgaggca1tataccaacgacaatgctatgctacaaccggccaaagaattatcgtga 
atttccagattacatctgctcctatgggctccgaactctc 

tagacatatttcgggatatgtagcaggaactgccaagattgcgtcgatcgaaatcatccgc^ 
40 attctccataccttcc^cccagatggaaataactttgagtatgagtacgacgatctctctccttttc 
aagtc^ctctaaaagatcctcaaaatggagctccttttgctttttactacttacgagtcac 
tggagctatggcttggagctctcctatttggatagatcttaactaa 



45 >gi|3328772|gb|AAC67946.l| hypothetical protein [Chlamydia trachomatis] 
MKRFFPLFIGVLLAHTLPSEGLSHQQAVQKKI S YLSHFKG ITG IMDVEDGVLHIHDDLRLQANKAYVENR 
TDCmKIVAHGNVMVNYRGKILICDYLEYYED^ 

TSEGPQKHICLSGDYLKYSSDSVLSMGPSRLSICmPVLLLPQISIMPMEIPKPPITFRGGSGGFLGS^ 

GVSYSPISKKHCSTTIiFLDGFFKHGIGLGYNMRFSSQ 
50 FTFSKERAHLAGEFHLSDSWETWDIFPNNFSLKNTGPTEVSL^ 

PQAILHHRPWIRRSRIFLENRLEAGFLDFHFSSNIPGSNFSSWRFSSAHK^IGLVLPIGTLTPSLSGT 

AIYYTRMLSPNAAHCQLSGSLSFDYRVALQKEYRHARHIVEPFCSFLKTTOPVLSSDEPHIFSIKDAFHS 

INLLHVGLESKVIjNKHSTPSHLKL^ 

HLNVIWEWILNDNLGLTLEFLHRSKYGFIKCAOT 
55 WNYWLNLRYGWHRPDSPSYLEYQMILGHKIFEHWQLFSVYEKREADKRCFFYLK^ 

>gi | 3328766 |gb | AE001308 . 1:6085-8178, 

GTGAAACGATTTTTCCCACTTTTTATTGGAGTGCTGCT 

ATCAACAAGCTGTCCTUiAAAAAAATTTCTTATCTGAGCCAT^ 

TGAGGATGGGGTATTACATATCCATGATGATCTACGTCTTCAAGCCAATAAAGCCTATGT^ 
60 ACGGATTGTGGGATC^U^TCGTTCCTCATGGC^ 

GTGATTATCTTGAGTACTATGAAGATACAGATTCTTGTTTACTCACCAATGGCCGCTGTTCGTTATACCC 
ATGGTTCATTGGAGGATCCACTATAACGATCTCACCATCTTCT^^ 
ACTTCTGAAGGTCCTCAGAAACATATTTGTTTATCCGGAGATT^ 
TATCTATGGGACCCTCACGTCTTTCTATCTGTAATACGCCTC 
65 GCCTATGGAGATTCCTAAGCCTCCGATTACTTTTCGAGGTGGGAGTGGAGGATTTCTGGGATCCTACTTA 
GGTGTTAGTTATTCCCCTATATCTAAAAAGCATTGTTCT^ 
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ATGGAATAGGTCTCGGCTATAACATGCGCTTTTCCTCT^ 

AAGCTATTACGCACATCGATTAGCTATTGATTCATCAGGAGCAAAAGATCGCTATCGATTACATGGAGAC 

TTC&CTTTTTCC^AAGAACGAGCC^^ 

TGGATATCTTCCCAAATAACTTCTCTTTAAAAAATA 

TAACAATTTATTTGGGAAAATGACTTCCTCTGTCAAA^^ 

CCTCAAGC^TTCTTC&TC^CCGACCAGT^^ 

AAGCTGGTTTTTTAGATTTTCATTTCAGTAGTAATATTCCAGGCTCTAACTTCTCATCATGGAGGTTCTC 
ATCCGCTCACAAAGTCTACCGTGGGCTTGTTCTTCCTATAGGAACGTTAACCCCTTCGCTATCTGGAACT 
GCTATCTACTATACCCGCATGCTCTCCCCAAATGCAGCCCATTGTCAATTATCTGGATCGCTATCTTTTG 
ATTATCGCGTTGCTTTACAAAAAGAATATCGGCATC 

AAAAACCACTCGTCCTGTATTATCCTCTGATGAGCCTCATATTTTCTCGATTAAA(^TGCTTTTCACTC^ 
ATCAACCTTCTACATGTAGGATTGGAGTCAAAAGTCTTAAAC^ 

TATGGACGACCTATATCTTTGATGAACCTCACGCTAAGGACACTTTCCCTAAAACTGCTTGCTGGTTCTC 
TCTTCCTCTTACACTCOU^AATAC^^ 

CATCTCAATGTAATCTGG.GAATGGATTTTGAATGATAATCTCGGTCTTACTTTA 

GTAAGTATGGCTTTATTAAGTGCGCTAAAGATAACTACACACTCGATGTAAGCCGATCTTTAGACACATT 
ACTAGCCTCTCCTCT1TCCGATCGAAGAAATTTGATTACTGG 

TGGAATTATAATCTTAATCTTCGTTATGGATGGCATCGTCCAGACTCTCCATCCTATTTAGAATACCAGA 

TGATTCTGGGTCATAAAATCTTTGAGCACTGGCAGCTATTCTCTGTCTACGAAAAACGTGAAGCTG 

GCGCTGCTTCTTTTATCTAAAATTAGATAAACGAAAACAGAAACACCGCCATCCTTTTGGATAA 



>gi| 3329347 |gb|AAC68470.l| Putative Outer Membrane Protein H [Chlamydia 
trachomatis] 

MPFSLRSTS FCPIiACLCS YS YGFASS PQVLTPNVTTPFKGDDVYLNGDCAPVNVYAGAENGS I IS ANGDN 
LTITGQNHTLSFTDSQGPVLQNYAFISAGETLTLKDFSSLMFSKNVSCGEKGMISGKTVSISGAGEVIFW 
DNS VGYSPLS IVPASTPTPPAPAPAPAASSSLSPTVSDARKGS I FSVETSLEISGVKKGVMFDNNAGNFG 
TVFRGNSNNNAGS GGSGS ATTPS FTVKNCKGKVS FTDNVAS CGGGWYKGTVLFKDNEGGI FFRGNTAYD 
DLGILAATSRDQOTETGGGGGVICSPDDSVKFEGNKGSIVFDYMFAKGRGGSILTKEFSL^ 
NTAEKGGGAIYAPTIDISTNGGSILFERNRAM 

GERSAARILSDGTTVSLNASGLS KLI FYDP WQNNSAAGASTPS PSS SSMPGAVTINQSGNGS VI FTAES 
LTPSEKLQVI^STSNFPGALTVSGGELVVTEGATL 

SKLGIDLESFLTPNYKTAXLGADGTVTVNSGSTLDLVMESEAEVYDNPLFVGSLTIPF 

TKNSVTINDADAAHYGYQGSWSADWTKPPLAPDAKGMVPPNTNOT 

PNSLWAGSALRTFTNGLKEHWSRDVGFVASLHALGDYIL^ 

I FGVAFGQL YGQTKSRMYYSKDAGNMTMLSCFGRS YVD I KGTETVMYWETAYGYS VHRMHTQYFNDKTQK 
FDHSKCHWHN1TOYYAFVGAEHNFLEYCIPTRQ 

HNMSLP IGI VAHAVSHVRRS PPSKLTLNMGYRPD IWRVTPHCNME 1 1 ANGVKTPIQGSPLARHAFFIiEVH 

DTLYIHHFGRAYMNYSLDARRRQTAHFVSMGLNRIF 

>gi (3329342 | gb | AE001360. 1:10808-13858, 

ATGCCTTTTTCTTTGAGATCTACATCATTTTGTTTTTTAGCTTGTTTGTGTTC 

CGAGCTCTCCTCAAGTGTTAACACCTAATGTAACCACTCCTTTTAAGGGGGACGATGTTTACTTGAATGG 

AGACTGCGCTTTTGTCAATGTCTATGCAGGGGC^GA 

TTAACGATTACCGGACAAAACCATACATTATCATTT^ 

CCTTCATTTCAGCAGGAGAGACACTTACTCTGAAAGATTTTTCGAGTTTGATGTTCT^^ 

TTGCGGAGAAAAGGGAATGATCTCAGGGAAAACCGTGAGTATTTCCGGAGCAGGCGAAGTGATTTTTTGG 
GATAACTCTGTGGGGTATTCTCCTTTC^ 

C^GCTCCTGCTGCTTCAAGCTCTTTATCTCCAACAGTTAGTGATGCTCGGAAAGGGTCTATTTTTTCTGT 
AGAGACTAGTTTGGAGATCTCAGGCGTCyU^AAAAGGGGTCATGTTCGATAATAATGCCGGGAATTTTGGA 
ACAGTTTTTCGAGGTAATAGTAATAATAATGCTGGTAGTGGGGGTAGTGGGTCTGCTACAACACCAAGTT 
TTACAGTTAAAAACTGTAAAGGGAAAGTTTCT^ 

CTACAAAGGAACTGTGCTTTTCAAAGACAATGAAGGAGGCATATTCTTCCGAGGGAACACAGCATACGAT 
GATTTAGGGATTCTTGCTGCTACTAGTCGGGATCAGAATACGGAGACAGGAGGCGGTGGAGGAGTTATTT 
GCTCTCCAGATGATTCTGTAAAGTTTGAAGGCAATAAAGGTT 

AGGCAGAGGCGGAAGCATCCTAACGAAAGAATTCTCTCTTGTAGCAGATGATTCGGTTGTCTTTAGTAAC 
AATACAGCAGAAAAAGGCGGTGGAGCTATTTATGCTCCTACTATCGATATAAGCACGAATGGAGGATCGA 
TTCTATTTGAAAGAAACCGAGCTGCAGAAGGAGGCGCCATCTGCGTGAGTGAAGC^GCTCTGGTTCAAC 
TGGAAATCTTACTTTAAGCGCTTCTGATGGGGATATTGTTTTTTCTGGGAATATGACGAGTGATCGTCCT 
GGAGAGCGCAGCGCAGCAAGAATCTTAAGTGATGGAACGACTGTTTCTTTAAATGCTTCCGGACTATCGA 
AGCTGATCTTTTATGATCCTGTAGTACAAAATAATTCA 

TTCTTCTATGCCTGGTGCTGTCACGATTAATCAGTCCGGTAATGGATCTGTGATTTTTACCGCCGAGTCA 

TTGACTCCTTCAGAAAAACTTCAAGTTCTTAACTCTACTTCTAACTTCCCAGGAGCTCTGACTGTGTCA 

GAGGGGAGTTGGTTGTGACGGAAGGAGCTACCTTAACTACTGGGACCATTACAGCCACCTCTGGACGAGT 

GACTTTAGGATCCGGAGCTTCGTTGTCTGCCGTTGCAGGTGCTGCAAATAATAATTATACTTGTACAGTA 

TCTAAGTTGGGGATTGATTTAGAATCCTTTTTAACTCCTAACTATAAGACGGCCATACTGGGTGCGGATG 
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GAAC^GTTACTGTTAACAGCGGCTCT^^ 
TCCGCTTTTTGTGGGATCGCTGACAATTCCTTTTG 

ACAAAAAATTCTGTCACTATTAATGATGCAGACGCTGCGCACTATGGGTATCAAGGCTCTTGGTCTGCAG 
ATTGGACGAAACCGCCTCTGGCTCCTGATGCTAAGGGGATGGTACCTCCTAATACC^VTAAC^CTCTGTA 
5 TCTGACATGGAGACCTGCTTCGAATTACGGTGAATATCGACTGGATCCTCAGAGAAAGGGAGAACTAGTA 
CCCAACTCTCTTTGGGTAGCGGGATCTGCATTAAGAACCTTTACTAATGGTTTGAAAGAACACTATGTTT 
CTAGAGATGTTGGATTTGTAGCATCTCTGCATGCTCTCGGGGATTATATTTTGAATTATACGCAAGATGA 
TCGGGATGGCTTTTTAGCTAGATATGGGGGATTCCAGGCX5^^ 

ATATTTGGAGTGGCTTTTGGACAACTCTATGGTCAGACAAAGAGCAGAATGTATTACTCT 
10 GGAACATGACGATGTTGTCCTGTTT(X5GAAGAAGTTACGTAGATATTAAAGGAACAGAAACTC^ 
TTGGGAGACGGCTTATGGCTATTCTGTGCACAGAATGC^TACGC&GTA 
TTCGATCATTCGAAATGTCATTGGCACAACAATAACTATTATGCGTTTGTGGGTGCCGAG^ 
TAGAGTACTGCATTCCTACTCGTCAGTTCGCTAGAGATTATGAGCTTACAGGGTTTATGCGTTTTGAAAT 
GGCCGGAGGATGGTCCAGTTCTACACGAGAAACTGGCTCCCTAACTAGATATTTCGCTCGCGGGT(^ 
15 CATAATATGTCGCTTCCAATAGGAATTGTAGCT 

AACTGACACTAAATATGGGATATAGACCAGACAT^ 

TGCTAACGGAGTGAAGAC^CCTATAC^GGATCTCCGCTGGC^CGGCATGCCTTCTTCTTAGAAGTGCAT 

GATACTTTGTATATTCATCATTTTGGAAGAGCCTA 

CGGCACATTTTGTATCCATGGGCTTGAATAGAATCTTTTAA 

20 

>gi| 3328874 | gb | AAC68042.1) 6 OkDa Cysteine -Rich OMP [Chlamydia trachomatis] 
MRIGDPMNKLIRRAOTIFAVTSVASLFASGVLETS^ 

TPVDRKEVAP VHESKATGPKQDSCFGRMYTVKVNDDKNVE ITQAVPEYATVGSP YP I EITATGKKDCVDV 
IITQQLPCTAEFWSDPATTPTADGKLVWKra^ 

25 KCGQPAICVKQEGPENACLRCPVVYKINIWQGTATARNVVVENPVPDGyAHSSGQRVLTFTLGDMQPGE 
HRTITVEFCPLKRGRATNIATVSYCGGHKNTASVTTVI 

LVLRD WVEDTLS PGVTVLEAAGAQ I S CNKWWTVKEIiNPGES LQYKVLVRAQTPGQFTNNWVKSCSDC 
GTCTSCAEATTYWKGVAATHMC^ATOTCDPVOT 

PTKGTITGNTVVFDSLPRLGSKETVEFSVTLKAVSAGDARGEAILSSDTLTVPVSDTENra 
30 >gi|3328863 | gb | AE001317 . 1 :cll039-9378 , 

ATGCGAATAGGAGATCCTATGAACAAACTCATCAGACGAGCAGTGACGATCTTCGCGGTGACTAGTGTGG 
CGAGTTTATTTGCTAGCGGGGTGTTAGAGACCTCTATGGCAGAGTCTCTCTCTACAAACGTTATTAGCTT 
AGCTGACACCAAAGCGAAAGACAACACTTCTCATAAAAGCAAAAAAGC^ 

ACTCCCGTAGACCGTAAAGAGGTTGCTCCGGTT(^TGAGTCTAAAGCTACAGGACCrrAAACAGGATTCTT 
35 GCTTTGGC^GAATGTATACAGTCAAAGTTAATGATGATCGCAATGTTGAAATCACA 

ATATGCTACGGTAGGATCTCCCTATCCTATTGAZ^TTACTGCTACAGGTAAAAGGGATTGTGTTGATGT 
ATCATTACTCAGCAATTACCATGTGAAGCAGAGTTCGTACGC^ 

ATGGTAAGCTAGTTTGGAAAATTGACCGCTTAGGACAAGGCGAAAAGAGTAAAATTACTGTATGGGTAAA 
ACCTCTTAAAGAAGGTTGCTGCTTTACAGCTGCAACAGTATGCGCTTGTCCAGAGATCCGTT 
40 AAATGTGGACAACCTGCTATCTGTGTTAAACAAGAAGGCCCA^ 
TTTACAAAATTAATATAGTGAACCAAGGAAGAX3 

AGATGGTTACGCTCATTCTTCTGGACAGCGTGTACTGACGTTTACTCTTGGAGATATGCAACCTGGAGAG 

CACAGAACAATTACTGTAGAGTTTTGTGCGCTTAAACGTGGTCGT 

ACTGTGGAGGACATAAAAATACAGCAAGCGTAACAACTGTGATC^^ 
45 TG^GGAGCAGATTGGTCTTATGTTTGTAAGCCTC^ 

CTTGTGTTGCGAGATGTCGTCGTTGAAGAC&CTCTTTC 

CTCAAATTTCTTGTAATAAAGTAGTTTGGACTGTGAAAGAACT 

AGTTCTAGTAAGAGCACAAACTCCTGGACAATTC^CAAATAATGTTGTTGTGAAGA 

GGTACTTGTACTTCTTGCGC^GAAGCGACAACTTACTGGAAAGGAGTTGCTGCTACTCATATGTGCGTAG 
50 TAGATACTTGTGACCCTGTTTGTGTAGGAGAAAATACTGTTTACCGTATTTGTGTCACCAACAGAGGTTC 

TGCAGAAGATACAAATGTTTCTTTAATGCTTAAATTC 

C(^CTAAAGGAACGATTACAGGC^TACAGTAGTATTCGATTCGTTACCTAGATTAGGTTCTAAAGAAA 

CTGTAGAGTTTTCTGTAACATTGAAAGCAGTATCAGCTC 

CGATACATTGACTGTTCCAGTTTCTGATACAGAGAATACACACATCTATTAA 

55 

>gi| 3328841 |gb|AAC68010.l| Putative outer membrane protein B [Chlamydia 
trachomatis] 

MKWLSATAVFAAVLPSVSGFCFPEPKELNFSRVGTSSSTTFTETVGEAGAEYIVSGNASFTjmiiriPTTD 
60 TTTPTNSNSSSSNGETASVSEDSDSTTTTPDPKGGGAFYNAHSGVLSFMTRSGTEGSLTLSEIKITGEGG 
AIFSQGELLFTOIiTGLTIQNNLSQLSGGAIFGESTISLSGlTKATFSSNSAEVPAPVKKPTEPKAQTASE 
TSGSSS S S GNDSVS S P S SSRAEPAAANLQSHFICATATPAAQTDTETSTPSHKPGSGGAI YAKGDLTIAD 
SQEVLFS INKATKDGGAIFAEKDVSFENITSLKVQTNGAEEKGGAIYAKGDLS IQSSKQSLFNSNYSKQG 
GGALYVEGDINFQDLEEIRIKYNKAGTFETKKITLPKAQASAGNADAWASSSPQSGSGATTVSNSGDSSS 
65 GSDSDTS ETVPATAKGGGLYTDKNLS ITNI TGI IEI ANNKATDVGGGAYVKGTLTCENSHRLQFLKNS SD 
KQGGGIYGEDNITLSNLTGKTLFQENTAKEEGGGLFIKGTDKALTMTGLDSFCLINNTSEKHGGGAFVTK 
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EISQTYTSDVETIPGITPVHGETVITGNKSTGG 

SFPTJU3TAEQPAAASAATSTPESAPWSTALSTPSSSTVSSLTLLAASSQASPATSNKETQDPWADTDLL 
IDYWDTTISKNTAKKGGGIYAKKAKMSRIDQIM 

eggglhaktwisnlksgfsfsiwkanssstgv^^ 

IYGEKVTFSQCSGTCQFSGNQAIDNOTSQSSriNVQGGAIYAKTSIiSIGSSDAGTSYIFSGNSVSTGKSQT 
TGQIAGGAIYSPTVTMCPATFSNNTASMATPKTSSEDGSSGNSIKDTIGGAIAGTAITLSGVSRFSGNT 
ADLGAAIGTLANANTPSATSGS QNS ITEKITLENGS FIFERNQANKRGAI YSPSVS IKGNNI TFNQNTST 

HDGSAIYFTKDATIESLGSVLFTGNWVTATQASSATSGQNTNTANYGAAIFGDPGTTQSSQTDAILTLLA 

SSGNITFSNNSLQNNQGDTPASKFCSIAGYVKLSLQAAKGCT^ 

EENSNPYTOTIVFSSELHEN^^ 

NGALVINGLTIDLS SMGTPQAGEI FS PPELRIVATTS SASGGSGVSS S IPTNPKRI SAAAPSGSAATTPT 
MSENKVFLTGDLTLIDPNGNF YQNPMLGSDLDVPLI KLPTWTSDVQVYDLTLS GDLFPQKGYMGTWTLDS 
NPQTGKLQARWTFDTYRRWVYI PRDNHFYANS I LGS QNSMI WKQGL INNMLNNARFDDIAYNNFWVSGV 
GTFLAQQGTPLSEEFSYYSRGTSVAIDAKPRQDFILGAAFSKMVGKTKAIKKMHNYFHKGSEYSYQASVY 
GGKFLYFLLNKQHGWALPFLIQGWSYGHIKHDTTTLYPS IHERNKGDWEDLGWLADLRISMDLKEPS KD 
SSKRITVYGELEYSS IRQKQFTEIDYDPRHFDDCAYRNLSLPVGCA^ I 

YRNNPVCKYRVLSSNEAGQVICGVPTRTSARAEYSTQLYLGPFWTIiYGNYTIDVGMYTLSQMTSCGARMI 
F 

>gi | 3328833 |gb|AE001314. 1:9601-14856, 

ATGAAATGGCTGTCAGCTACTGCGGTGTTTGCTGCTGTTCTCCCCTCAGTTTC^GGGTTTTGCTTCCCAG 
AACCTAAAGAATTAAATTTCTCTCGCGTAG 

AGCTGGGGC&GAATATATCGTCTCTGGTAACGCATCTTTCACAA 

AC^^Cy^CTCCCACGAACTCAAACTCCTCTAGCTCTAACGGAGAGACTGCTTCCGTTTCTGAGGATAGTG 

ACTCTACAACAACGACTCCTGATCCTAAAGGTGGCGGCGCCTTTTATAACGCGCACTCCGGAGTTTTATC 

CTTTATGAC^CGATCAGGAAC^GAAGGTTCCTTAACTCTGTCTGAGATAAAAATAACrGGTGAAGGCGGT 

GCTATCTTCTCTC&AGGAGAGCTGCTATTTACAGAT 

AGCTATCCGGAGGAGCGATTTTTGGAGAATCTACAATCTCC^ 

CTCCAACTCTGCAGAAGTTCCTGCTCCTGTTAAGAAACCTACAGAACCTAAAGCTCAAACAGCAAGCGAA 

ACGTCGGGTTCTAGTAGTTCTAGCGGAAATGATTCGGTGTCTTCCCCCAGTTCCAGTAGAGCTGAACCCG 

CA^GCAGCTAATCTTCAAAGTCACTTTATTTGTGCTAC^GCTACTCCTGCTGCTCAAACCGATAC^ 

ATCAACTCCCTCTCATAAGCCAGGATCTGGGGGAGCTATCTATGCTAAAGGCGACCTTACTATCGCAGAC 

TCTCAAGAGGTACTATTCTCAATAAATAAAGCTACTAAAGATGGAGGAGCGATCTTTGCTGAGAAAGATG 
TTTCTTTOSAGAATATTA^ 

TGCTAAAGGTGACCTCTC^rrCAATCTTCTAAACAGAGTCTTTTTAATTCTAACTACAGTAAAO^GGT 
GGTGGGGCTCTATATGTTGAAGGAGATATAAACTTCCAAGATCTTC 
AAGCTGGAACGTTCGAAA.CAAAAAAAATCACTTTACC 
TTGGGCCTCTTCCTCTCCTCAATCTGGTTCTGGA 

GGCTCAGACTCGGATACCTCAGAAACAGTTCCAGCCACAGCTAAAGGCGGTGGGCTTTATACTGATAAGA 
ATCTTTCX3ATTACTAACATCACAGGAATTATCGAAATTGCAAATAACAAAGCGACAGATC 
TGCTTA05TAAAAGGAACCCTTACTTGTGAAAACTCTCACCGTCTACAATTTTTGAAAAACTCTTCCGAT 
AAACAAGGTGGAGGAATCTACGGAGAAGACAACATCACCCTATCTAATTTGACAGGGAAGACTCTATTCC 

AAGAGAATACTGCCAAAGAAGAGGGCGGTGGACTCTTCATAAAAGGTACAGATAAAGCTCTTACAATGAC 

AGGACTGGATAGTTTCTGTTTAATTAATAAC^^^ 

GAAATCTCTC&GACTTACACCTC^ 

T(^TTACTGGCAATAAATCTACAGGAGGTAATGGTGGAGGCGTGTGTACAAAACGTCTTGCCTT^ 
CCTTCAAAGCATTTCTATATCCGGGAATTCTGC^GCTGAAAATGGTGGTGGAGCCCACACATGCCCAGAT 
AGCTTCCC^^CGGCGGATACTGC^GAACAGCCCGCAGCAGCTTCTGCCGCGACGTCTACTCCCGAGTCTG 
CCCCAGTGQTCTC^CfTGCTCTAAGCACACOT 

CTCTTCACAAGCCTCTCCTGCAACCTCTAATAAGGAAACTCAAGATCCTAATGCTGATACAGACT 

ATCGATTATGTAGTTGATACGACTATCAGCAAAAACACTGCTAAGAAAGGCGGTGGAATCTATGCTAAAA 
AAGCC^GATGTCCCGCATAGACCAACTGAATATC 

CTGCTGTAAAGAATCTTTAGAACTAGATGCCCTAGTCTCCTTATCTGTAACAGAGAACCTTGTTGGGAAA 
GAAGGTGGAGGCTTACATGCTAAAACTGTAAATATTTCTAATCTGAAATCAGGCTTCTCTTTCTCGAACA 
ACAAAGCAAACTCCTCATCCACAGGAGTCGCAACAAC^ 
ACAAGC^GCCGCAGCAGCCGTACCATCATCTCCAGCAACACC^^ 

ATCTATGGAGAAAAGGTTACATTCTCTCAATGTAGCGGGACTTGTCAGTTCTCTGGGAACCAAGCTATCG 
ATAACAATCCCTCCCAATCATCGTTGAACGTAC^ 

TGGATCTTCCGATGCTGGAACCTCCTATATTTTCTCGGGGAAC^GTGTCTCCACTGGGAAATCTCAAA^ 
ACAGGGCAAATAGCGGGAGGAGCGATCTACTCCCCTACTGTTACATTGAATTGTCCTGCGACATTCTCTA 
ACAATACAGCCTCTATGGCTACACCAAAGACTTCTTCTGAAGATGGATCCTCAGGAAAOT 

TACCATTGGAGGAGCC^TTGCAGGGACAGCCATTACCCTATCTGGAGTCTCTCGATTTTCAGGGAATACG 
GCTGATTTAGGAGCTGC^^TAGGAACTCTAGCTAATGCAA^ 

ATAGCATTACAGAAAAAATTACTTTAGAAAACGGTTCTTTTATTTTTGAAAGAAACCAAGCTAATAAACG 
TGGAGCGATTTACTCTCCTAGCGTTTCCATTAAAGGGAATAATAra 

CATGATGGAAGTGCTATCTACTTTACAAAAGATGCTACGATTGAGTCTTTAGGATCTGTTCTO 
GAAATAACGTTACAGCTACACAAGCTAGra 
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GGCAGCCATCTTTGC^GATCCAGGAACCACT 

TCTTCTGGAAACATTACTTTTAGCAACAACAGTTTAC^ 

TTTGTAGTATTGCAGGATACGTCAAACTCTCTCTAC^ 

TTGTGTGCACACCTCTACCAAAAAAATAGGTTCAACACAAAACGTTTATGAAACTT 

GAAGAGAAC^GTAATCCATATACAGGAACTATTGTGTTCTCTTCTGAATTACATGAAAACAAATCTTACA 

TCCCACAGAATGCAATCCTTCACy^CGGAACTTTAGTTCTTAAAGAGAAAACAGAACTCCACXj 

TTTTGAGCAGAAAGAAGGGTCTAAATTAATTATGAAACCCGGAGC 

AACGGAGCTCTAGTTATCAATGGGTTAACGATTGATCTTTC 

TCTTCTCTCCTCC^GAATTACGTATCGTTGCCACGACCTCTAGTGCATCCGGAGGAAGCGGGGTCAGCAG 

TAGTATACCAACAAATCCTAAAAGGATTTCTGCAGCAGC^ 

ATGAGCGAGAACAAAGTTTTCCTAACAGGAGACCTT^^ 

ACCCTATGTTAGGAAGCGATCTAGATGTACCACTAATTAAGCTTCCGACTAACACAAGTGACGTCCAAGT 
CTATGATTTAACTTTATCTGGGGATCTTT^^ 

AATCCACAAACAGGGAAACTTCAAGCCAGATGGACATTCGATACCTATCGTCGCTGGGTA 

G^ATAATCATTTTTATGCGAACTCTATCTT^ 

TATCAACAACATGTTGAATAATGCCCGCTTCGATGAT^ 

GGAACTTTCTTAGCTCAAG^GGAACTCCTCTTTCC^ 

TTGCCATCGATGCCAAACCTAGACAAGATTTTATCCT 

CAAAGCCATCS^AAAATGCMAATTACOT 

GGAGGTAAATTCCTGTATTTCTTGCTCAATAAGCAACATGGTTGGGCACTTCCTTTC 

TCGTGTCCTATGGACATATTAAACATGATAC^ 

AGATTGGGAAGATTTAGGATGGTTAGCGGATCTTCGTATCT 

TCTTCTAAACGGATCACTGTCTATGGGGAACTTGAGTATTCCAGCATTCGCCAGAAACAGTTCACAGAAA 
TCGATTACGATCCAAGACACTTCGATGATTGTGCTTACAGAAATCTGTCGCTTCCTGTGGGATGCGCTGT 
CGAAGGAGCTATCATGAACTGTAATATTCTTATGTATAATAAGCTTGCATTAGCCTACATGCCTTCTATC 
TACAGAAATAATCCTGTCTGTAAATATCGGGTATTGTCTTCGAATGAAGCTGGTCAAGTTATCTGCGGAG 
TGCCAACTAGAACCTCTGCTAGAGCAGAATACAGTACTCAACTATATCTTO 

CGGAAACTATACTATCGATGTAGGCATGTATACGCTATCGCAAATGACTAGCTGCGGTGCTCGCATGATC 
TTCTAA 



>gi|3328840|gb|AAC68009.l| Putative outer membrane protein A [Chlamydia 
trachomatis] 

MNRVTE IHAHYDQRQLSQS PNTNFLVHHPYLTIjI PKFLLGALI VYAPYSFAEMELAI SGHKQGKDRDTFT 
MISSCPEGT^IINRKLILSDFSLIiNKVSSGGAF 

S IEFTDLRKLVAFGSESTGGIFTAKEDISFKNNHHIM I 
F'TNNQAVTSSSMKHSGRGGAISGDFAGSRILFLNNQQITFEGNSA^ 

ENTT I ANGGAIYTSNFKANQQTS P ILFSQNHANKKGGAI YAQYVKLEQNQDTI RFEKNTAKEGGGAITS S 
QCSITAHNTIIFSDNAAGDLGGGAILLEGKKPSLTLIAHSGNIAFSGNTMLHITKKASLDRHNSILIKE^ 
PYKIQLAANKNHS IHFFDPVMALSAS S S P IQ INAPE YETPFFS PKGMI VFSGANLLDDAREDVANRTS I F 
NQPVHLYNGTLSIENGAHLIVQSFKQTGGRISLSPGSSLALYTMNSFFHGNISSKEPLEINGLSFGVDIS 
PSNLQAEIRAGNAPLRLSGSPSIHDPEGLFYENRDT^ 

FQGAWHFSWQPNTINNTKQKILRASWLPTGEYVIiESNRVGRAVPNSLWSTFLLLQTASHNLOT 
LIPTSYFGVLIGGTGAEMSTHSSEEESFISRLGATGTS I IRLTPSLTLSGGGSHMFGDSFVADLPEHITS 
EGIVQNVGLTHVWGPLTVNSTLCAALDHNAMVRICSKKDHTYGKWDTFG^ 

SFANIEATNILQRAFTETGYNPRSFSKTKLLNIAI PIGI GYEFCLGNSS FALLGKGS IGYSRDI KRENPS 

TLAHLAMNDFAWTTNGCSVPTSAH^ 

>gi | 3328833 | gb | AE001314. 1:6535-9462, 

ATGAATCGAGTTATAGAAATCCATGCTCACT^^ 

TCTTAGTACATCATCCTTATCTTACTCTTATTCCCAAGTTTCTACTAGGAGCTCTAATCGTCTATGCTCC 
TTATTCGTTTGCAGAAATGGAATTAGCTATTTCTGGACATAAACAAGGTAAAGATCGAGATACCTTTACC 
ATGATCTCTTCCTGTCCTGAAGGCACTAATTACATCATCAATCGCAAACTCATACTCAG 
TACTAAATAAAGTTTCATC&GGGGGAGCCTTTC^^ 

TTCTTCTGCGTCC^TTCATTTTAAACACATTAATATCAATGGTTTTGGAGCCGGAGT^ 
TCTATTGAATTTACTGATTTACGAAAACTTGTTGCTTTTGGATCTGAAAGCACAGGAGGAATTTTTACTG 
CGAAAGAGGACATCTCTTTTAAAAACAACCACCACATTGCCTTCCGCAATAATATCACCAAA 
TGGCGTTATCC^GCTCCAAGGAGATATGAAAGGAAGCGTATCCTT^ 

TTTACCAATAACCAAGCTGTAACTTCTTCATCAATGAAACATAGTGGTCGTGGAGGAGCAATTAGCGGTC 
ACTTCGCAGGATCCAGAATTCTTTTTCTTAATAACCAACAAAT^ 
TGGAGGTGCTATCTACAATAAGAATGGCCTTGTCGAGTTCTTA 
GAGAAC^CAACAATAGCTAACGGGGGAGCTATATACACAAGTAAT 

CCATTCTATTCTCTCAAAATCATGCGAATAAGAAAGGCGGAGCGATTTACGCGCAATATGTGAACTTAGA 
ACAGAATCAAGATACTATTCGCTTTGAAAAAAATACCGCTAAAGAAGGCGGTGGAGCCATCACCTCTTCT 
CAATGCTCAATTACTGCTCATAATACCATCATTTTTTCCGATAATGCTGCCGG 
CAATTCTTCTAGAAGGGAAAAAACCTTCTCTAACCTTGATTGCTCATAGTGGTAATATTGCATTO 
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CAATACCATGCTTCATATCACC^ 

CCCTATAAAATCCAACTTGCAGCGAACAAAAACCATTCTATTCATTTCTTTGATCCTGTC^ 
C&GC^TCATCTTCCCCTATAC&AATCAATGCTCCTGAGT^ 

GATCGTTTTCTCGGGTGCGAATCTTTTAGATGATGCTAGGGAAGATGTTGCAAATAGAAC^TCGATTTTT 

AACCAACCCGTTCATCTATATAATGGCACCCTATCTATCGAAAATGGAGCCCATCTGATTGTCCAAAGCT 

TCAAAC^GACCGGAGGACGTATCAGTTTATCTCCAGGATCCTCCTTGGCTCTATACACGATGAACTCGTT 

CTTCC^TGGCAAC^TATCCAGCAAAGAACCCCTAGAAATTAATGGTTTAAGCTITGGA 

CCTTCTAATCTTCAAGCAGAGATCCGTGCCGGCAACGCTCCTTTACGATTATCCGGATCCCCATCTATCC 

ATGATCCTGAAGGATTATTCTACGAAAATCGCGATACTGCAGCATCACCATACCAAATGGAAATCTTGCT 

CACCTCTGATAAAATTGTAGATATCTCCAAATT^^ 

TTCCAAGGAGCCTGGCATTTTAGCTGGC^GCCAAATACTATAAACAATACTAAACAAAAAATATTAA 

CTTCTTGGCTCCO^CAGGAGAATATGTCCTTGAATCCAATCGAGTGGGGCGTGCCGTTCCTAATTCCTT 

ATGGAGCAC&TTTTTACTTTTACAG&CA 

CTTATTCCTACTTC^TACTTCGGAGTTTTAATTGGAGGAACTGGAGCAGAAATGTCTACCCACTCCTC^ 

AAGAAGAAAGCTTTATATCTCGTTTAGGAGCTACAGGAACCTCTATCATACGCTTAACTCCCTCCCTGAC 

ACTCTCTGGAGGAGGCT(^CATATGTTCGGAGATTCGTTCGTTGCAGACTTACCAGAACACATCACTTCA 

GAAGGAATTGTTCAGAATGTCGGTTTAACCCATGTCTGGGGACCCCTTACTGTCAATTCTACATTATGTG 

CAGCCTTAGATCACAACGCGATGGTCCGC^TATGCTC^ 

ATTCGGTATGCGAGGAACATTAGGAGCCTCXTATACATTCCTAGAATATGATCAAACTATGCGCGTATTC 

TCATTCGCCAA(^TCGAAGCGA.CAAATATCTTGCAAAGAGCTTTTACTGAAACAGGCTA 

GTTTTTCCAAGACAAAACTTCTAAACATCGCCATCCCCATAGGGATTGGTTATGAATTCTC 

TAGCTCTTTTGCTCTACTAGGTAAGGGATCC^TCGGTTACTCTCGAGATATTAAACGAGAAAACCCATCC 
ACTCTTGCTC&CCTGGCTATGAATGATTTTGOT 

AC^CATTGGCAAATCAATTGATTCTTCGCTATAAAGCATGTTCCTTATACATCACGGCATATACTATCAA 
CCGTGAAGGGAAGAACCTCTCCAATAGCTTATCCTGCGGAGGCTATGTTGGCTTCTAA 



>gi| 3328763 |gb|AAC67938.l| 0-Sialoglycoprotein Endopeptidase family 
[Chlamydia trachomatis] 

MYKYF I VDTSGSQPFLAYVD CRDVLE VWSLPTGPDQGVVLNFI FNSLDLPFQGIGVSVGPGGFS ATRVGV 

AFAQGLSLAKNVPLVGYSSLEGYLSLGQEEEALLLPL^^ 

SEALEYCLDKGCC^ISPDPTYFVELFSSRISVRKVVPCIDRIR^^ 

>gi | 3328757 | gb | AE001307 . 1 :c6730-6098 , 

GTGTACAAATATTTTATTGTAGACACTTCCGGTTC 

TTTTAGAAGTATGGTCTTTGCCTACAGGGCCAGATCAAGGAGTTGTGTTA2^ 

GGATTTGCCTTTCCAAGGTATTGGAGTCTCTGTTGGTCCTGGGGGATTTTCTGCAACTAGAGTGGGA 

GCTTTTGCTCAAGGGCTCTCTCTGGCTAAAAATGTCCCTTTAGTTGGCTATAGCTCTTTAGAAGGATATC 

TTTCTTTGGGTCAAGAAGAGGAGGCTTTGCTT^^ 

CTC^GAGCTTTCTCTTGATGGTTTTCTGCTTAC^GATACTACTTCTACTCCGGGAATTTTATTGTCTTAT 

TCTGAAGCTCTAGAGTATTGTTTAGATAAGGGATGTTGTCATGTGATCTCTCCGGATCCAACGTATTTCG 

TAGAACTATTTTCTTCGCGTATTTCGGTAAGGAAGGTGGTTCCTTGTATCGATCGAATCCGTAAGTACGT 

TGTTTCGCTVGTTTGTTCTGTCTCAA^^ 

TAG 

>gi|6578102|gb|AAC67897.2| ATP Synthase Subunit K [Chlamydia trachomatis] 
MIDVSWGPVLAMALAMIGSAVGCGMAGVASHAVMSRIDEG 

KDGK^SAVSGIVMGIAVGSALLLSAFMQGKCOTSAIQAYARSSAIYGKSFASIGIVESFALFAFVFALLL 
F 

>gi| 3328718 |gb|AE001303.1:c956-531, 

ATGATAGATGTATCAGTAGTGGGGCCTGTATTGGCTATGGCTTTGGCAATGATTGGTAGCGCTGTTGGAT 
GTGGAATGGCTGGAGTCGCTTCTCACGCAGTGATGTCTCGAATCGATGAAGGACACGGGAAGATTATTGG 
TCTGTCTGCTATGCCCTC^Tt^CT^TCCATTTACGGGTTGATTTTCA^ 

AAGGATGGAAAAGTCTCTGCAGTCAGTGGTATCGTAATGGGTATAGCTGTAGGATCTOCGTTATTGCTTT 
CTGCTTTTATGGAAGGGAAGTGCTGTGTGAGTGCTATTC2U\^ 

TAAATCATTTGCTTCGATTGGGATTGTTGAGTCTTTTGCGTTATTTGCTTTCGTTTTTGCGCTATTGTTA 
TTCTAA 



>gi|3329252|gb|AAC68382.l| S14 Ribosomal Protein [Chlamydia trachomatis] 

MAKKSAVAREVKRRKLVEANFQKRAELRKLAKS 

RGYLRKFAISRICFRQMASMGDIPGWKASW 

>gi | 3522908 | gb | AE001351. 1:2436-2741, 

ATGGCGAAGAAGTCAGCAGTAGCTAGAGAAGTTAAACGTCGAAAGTTAGTAGAAGCTAATTTTCAGAAGA 
GAGC^GAGCTTCGAAAACTTGCGAAGAGTTTATCTGTTAGCGAGGAAGAAAGAGAAAGAGCTCGGGAAGC 
TCTCAATAAAATGAGAAGAGATACTTCTCCTTCTCGTTTACATAATAGATGCCTATTAACAGGCCGTCCT 
CGTGGATACCTTAGAAAGTTTGCTATCTCAAGAATTTGTTTTAGACAAATGGCTTCTATGGGAGATATCC 
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CAGGCGTTGTGAAAGCAAGTTGGTAG 

>gi (3329133 |gb| AACS8276 . 1 | Major Outer Membrane Protein [Chlamydia 
trachomatis] 

mkkllksvlvfaalssasslqalpvgnpaepsm 

drvlktdvnkefqmgakpttdtgnsaapstltarenpaygrhmqdaemp™ 

atsgylkgnsasfnlvglfgdnenqktvkaesvpm 

asfqyaqskpkveelnvlctaaeftinkpkgwgkefpldltagtdaatgt id yhe wqaslals yr 

LNMFTP YIGVKWSRAS FDADTIRI AQPKSATAI FDTTTIiNPT IAGAGDVKTGAEGQLGDTMQIVSLQLNK 

MKSRKSCGIAVGTTIVDADKYAVTVETRLIDERAAHVNAQFRF 

>gi| 3329126 |gb|AE001338.1:c6759-5578, 

ATGAAAAAACTCTTGAAATCGGTATTAGTATTTGCCGCTTTGAGTTCTGCTTCCTCCTTGCAAGCTCTGC 

CTGTGGGGAATCCTGCTGAACCAAGCCTTATGATCGACGGAATTCTGTGGGAAGGTTTCGGCGGAGATCC 

TTGCGATCCTTGCGCCACTTGGTGTGACGCTATCAGCATGCGTGTTGGTTACTACGGAGACTTTGTT 

GACCGTGTTTTGAAAACTGATGTGAATAAAGAATTTCAGATC 

ATAGTGraGCTCCATCCACTCTTACAGC^^ 

GATGTTTA<3UVATGCCGCTTGCATGG^^ 

GCCACCAGTGGATATCTTAAAGGAAACTCTGCTTCTTTCAATTTAGTTGGATTGTTTGGAGATAATGAAA 
ATC&AAAAACGGTCAAAGCGGAGTCTGTACC&AATATGAGCTTTGAT 

AGATACTACTTTTGCGTGGAGCGTCGGCGCTCGCGCAGCTTTGTGGGAATGTGGATGTGCAACTTTAGGA 
GCTTCATTCCAATATGCTCAATCTAAACCTAAAGTAGAA 

TTACTATTJ^TAAACCTAAAGGGTATGTAGGTAAGGAGTTTCCTCTTGATCTTACAGCAGGAACAGATGC 
TGCGACAGGAACTAAGGATGCCTCTATTGATTACCATG 

CTGAATATGTTCACTCCCTACATTGGAGTTAAATGGTCTCGAGCAAGCTTTGATO^ 
TAGCCCAGCCAAAATC^GCTACAGCTATTTTTGATACTACCACGC^ 

CGATGTGAAAACTGGCGCAGAGGGTC^GCTCGGAGACACAATGCAAATCGTTTCCTTGCAAT 
ATGAAATCTAGAAAATCTTGCGGTATTGCAGTAGGAACAACra 

C^GTTGAGACTCGCTTGATCGATGAGAGAGCAGCTCACGTAAATGCACAATTCCGCTTCTAA 



>gi| 3328987 |gb|AACS8l50.l| hypothetical protein [Chlamydia trachomatis] 
MLKMFWI^SLVFFSLLLSACGYTVLSPHYVEKKFS 

QGTS SGYVLKVSIiFNETDENIGFAYTPQKPDEKPVKHF I VSNEGRLALSAKVQLI KNRTQE ILVEKCIiRK 
SVTFDFQPDLGTANAHQLALGQFEMHNEAIKSASRILYSQLAETIVQQVYYDLF 
>gi | 3328980 | gb | AE001325. 1:10880-11464, 
ATGCTGAAAATGTTTTGGTTGAATAGCCTCGTTTTCTTCTCGTO 

TGCTCTCCCCCCACTATGTAGAAAAGAAATTCTCGCTTTCCGAAGGCATCTATGTCTGCCCTATCGAAGG 

AGATTC71TTAGGAGATCTCGTATCCTCTCTTTCTTACG 

CAAGGAACCTCTTCT0K3TTATGTACTCAAA 

CATACACTCCCCAAAAACCTGATGAAAAACCTGTAAAACACTTCATTGTCTCTAATGAAGGGCGCTTAGC 
GTTATCAGCAAAAGTCCAACTAATCAAAAACCGCACACAAGAAATATT^^ 

TCGGTTACTTTTGATTTTCAACCTGACCTCGGAACCGCGAATGCTCATCAGCTAGCT 

AAATGCATAATGAAGCAATAAAAAGCGCTTCTCGTATATTGTATTCGCAATTAGCAGAGACTATTGTACA 
ACAGGTATACTATGACCTTTTCTGA 



>gi|3328972|gb|AAC68l36.l| Apolipoprotein N-Acetyl transferase [chlamydi 
trachomatis] 

MFKLVSYIILSWVLVCLAQPDVSWASWSCICGYSLLWAGL^ 
SWMLEDLYVGTS IYFWGILLS YLATLFASF SCLVVWCCRKQYRGALVWLPGVWV 

FDFIGWPLTATAYGRQFGS FFGWAGQS FLVIAANICCFAVCLLKHS FSKGLWLTLCAFPYLLGGAHYE YL 
KKHFSDSEVLRVAI VQPGYS PHMHAGRTASAIWRGLVSLCQTI QTPVDVI VFPEVSVPFGLHRQAYTLHE 
NQPVLESLLPNKSWGEFFTNLDWIQAIAERYQCWIMGMERWENKGGILHLYNAAECVSREGEITSYD^ 
ILVPGGEYIPGGKIGFSLCQTFFPEFALPFQRLPGEFSGWNITERIKAGISICYEETFGYAIRPYKRQQ 
ADILWLTOTGmTPRSRLPLVHFYHGMLI^QEL^^ 

GVLQVSVPLYSYHTWARLGDAPLLLIAVCSVIGA1AYFYRKKKETPPQTFF 
>gi| 3328966 |gb|AE001324.1:c6152-4524, 

GTGTTTAAACTTGTGTCATACATCATCCTTTCTTGGGTGCTGGTCTGTTTGGCTCAGCCGGATGTAAGTG 

TTGTAGCTTCTGTTGTTAGTTGTATTTGCGGTTAC^^ 

GCAATTATCTTGGAAGAAAGTTTGGTGCATCGCT^ 

TCTTGGATGCTTGAAGATCTTTATGTAGGGACAAGCATCTATTTTGTTTGGGGTATACTGCTTTCTTATC 

TCGCCACCCTATTTGCTAGTTTTTCTTGTTTGGTTGTGTGGTGTTGTCGCAAGCAATATAGGGGAGCTCT 

TGTTTGGCTTCCAGGGGTTTGGGTGGCGATAGAAGCAATACGCTATTATGGGTTGCTTTCAGGAGTTTCT 

TTTGATTTTATTGGCnXKSCCTCTTACAGCGACAGCCTATGGCCGGCAATTCGGCAGCTTTTTTC 

CTGGACAAAGCTTTCTAGTTATTGCTGCCAATATATGCTGTTTTGCAGTATGTTTATTAAAA 

TTCO^GGTTTGTGGTTGACGTTGTGCGOT 
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AAGAAGCATTTTTCCGACTCTGAAGTGCTTCGAGTTGCCA 

ATGCAGGGAGGACGGCTAGTGCTATTTGGAGAGGTTTGGTTTCTTTGTGCCAGACTATTCAAACTCCTGT 

AGATGTGATCGTTTTCCCAGAAGTAAGTGTTCCTTTTGGCTTACATAGACAAGCCTATACTCTT 

AATCAGCCTGTATTAGAAAGTTTGCTTCCTAAC^^ 

TCCAAGCGATAGCTGAACGTTATCAATGCACCGTTATCATGGGAATGGAACGATGGGAAAATAAAGGGGG 

AATACTGCATTTGTATAATGCTGCTGAATGCGTATCGCGAGAAGGGGAAATAACTAGCTATGATAAGCGG 

ATTCTTGTTCCTGGAGGTGAGTACATCCCTGG^^ 

CAGAATTTGCTCTTCCCTTTCAACGTTTC 

AAAAGCTGGGATCTCTATTTGTTATGAGGAGACATTTGGGTATC 

GCC^ATATTTTAGTAAATCTTACTAATGACGGTTGGTATCCGCGTTCAAGGCTGCCTCTAGTACATTTTT 
AT(^TGGCATGTTACGTAATCAAGAGTTGGGTATACCTTGTAOT 

TGCAGTGGATTCTTTGGGTAGAATTGTCGGC^TACTTCCCTGGGAATCGAGAACTTGCCCAGTTTCTACA 
GGAGTACTCCy^GTTTCCGTCCCTCTTTAC^GTTATCATACTGTATATGCAA 

TGTTACTGATTGCAGTTTGTTCGGTTATCGGAGCGATTGCCTATTTTTATAGGAAAAAGAAAGAGACC^ 
ACCACAAACATTTTTTTGA 



>gi|3328612|gb|AAC67797.l| Fructose-6-P Phosphotransferase [Chlamydia 
trachomatis] 

MSSNKHASLCQKTPSLCRELQKAPALLLTEDIRFK^ 
SPLKVGVMLSGGPAPGGHWILGLLHSIKKLHPNSQLLGFIRN^ 

CIGTGRTNI ITEENKARCLQTANELDLDGLVI IGGDGSNTATAILAE YFAKHQAKTVLVGVPKTIDGDLQ 

HLFLDLTFGFDTATKFYSSIISNISRDALSCKGHYHFIKLMGI^SSHITLECALQTHPNIALIGEEIAEK 

SISLETLIHDICTTIADRAAMGPCYHGVILIPEGVTEFIPEIQSLVKEIESIPEQENLYQALSLSSQQLLC 

QFPEDICHQLLYNRDAHGNVYVSKISVDKIjLIHLVRQHLETHFRQVPFNAISHFLGYEGR^ 

YSYNLGYGAGVLVF^CNGYLSTIEGLTSPIEKWRLRALPrVRMLTTKQGKD^ 

FNKFSLYRKIWALEDSYRFVGPLQIHSPEDAHSDDFPPLILFLNHNEWQKRCSICLEIPDQDY 
>gi| 3328609 |gb|AE001294. 1:2452-4113, 
ATGTCGTCGAATAAAC^TGCTTCTCTTTGTCAAAAGACGC^ 

CTGCTCTTCTATTAACAGAAGACATAAGGTTTAAAGCTCTTCTTAATGAACGCATTGACTC 
ACTATTTCCATGCACTTATAACTCTCCCT^ 
TCTCCCCTTAAAGTGGGCGTTATGCTTTCTGGAGGCCCAGCT 
TGCTACACAGTATTAAAAAGCTCCATCCGAATAGTCA^^ 

TCTCAATAATAATACTGTAGAAATC^CAGATGAATTCATTGAAGAGTTTCGTAACTCTG 
TGC^TAGGAACAGGTCGCACTAATATCATAACCGAAGAAAATAAAGCGCGCTGTTTACA 
AACTCGATTTAGATGGATTAGTGATTATTGGAGGCGATGGTTCGAATACAG C CACGG CGATTC TTGCTGA 
ATATTTTGCTAAGCATCAAGCAAAAACGGTATTAGTTGGTGTTC C CAAAACTATTGATGGAGATTTGCAG 
CACCTATTTTTAGACCTCACATTTGGGTTTGATACTGCTACTAAATTTTATTCATC^ 

TTTCTAGAGACGCATTATCGTGTAAAGGCC^CTATC^TTTTATTAAACTAATGGGCCGGTCTTCTTCTCA 

TATC^CGCTAGAATGCGC^CTACAGACT^ 

AGCATCTCCTTAGAAAGATTAATCCATGAT^ 

ACCATGGCGTTATTCTCATCCCT^^ 

AATTGAATCCATTCCAGAGCAGGAGAATCTTTACCAAGCTTTATCCTTATCTT 
CAATTTCCGGAAGATATTTGCCATCAGCTCTTGTATAATAGAG^ 

AAATTAGTGTTGATAAACTTCTGATTCATCTAGTTCGTCAACATTTAGAAA(^CATTTTAGAC^ 
CTTCAATGCAATCTCCCATTTTTTAGGTTATGAAG 

TATAGCTATAACTTAGGATATGGTGCTGGGGTTCTCGTTTTTAACCGCTGTAATGGGTATTTA 

TCGAAGGTCTAACTAGCCCTATTGAAAAATGGCGATTGCXjCGCTTTACCCATTGTTCGAATGTTGACGAC 

CAAGCAGGGGAAAGACAGTAAACATTATCCTCTGATAAAAAAAAGATTGGTAGATATTGCTAGTCCTGTO 

TTTAATAAGTTCTCACTGTATCGGAAAATCTGGGCTTTAGAAGACTCCTATCGCTTTGTAGGGCCATTAC 

AAATACATTCTCCGGAGGATGCTCATTCTGATGATTTTCCTC 

ATGGCAAAAACGCTGTTCTATTTGTTTAGAAATCCCCGATCAGGATTATTAA 



>gi | 3328517 |gb|AAC67709.l| hypothetical protein [Chlamydia trachomatis] 
MICCDKVLSSVQSMPVIDKCSVTKCLQTAKQAAVLALS 

TTALLGFVCAVI VLLRNLSAWQS CKKRS PEE IEGAARPSDQQESGGRLSEESAS PQASPTS S TFGLESA 

LRSIGDSVSGAFDDINKDNSRSRSHSF 

>gi [3328516 | gb | AE001286. 1:75-578, 

ATGATCTGCTGTGACAAAGTCTTGTCGAGCGTACAATCAATGCCTGTTATAGATAAATGCTCTGTAACGA 
AATGCTTAC^AACGGCTAAGCAAGCAGCTGTTCTTGCGTTGTCTTTGTTTGCGGTGTO 
TTTATCCATATTATCAGCGGCGGTACTGTTTAGTGGCACTGCTGCTGTTCTTCCATATCTGCTGATATTA 
ACAACAGCTCTTCTAGGATTTGTTTGTGCTG1TATTC 

GTTGTAAAAAGAGATCACCTGAAGAAATTGAAGGGGCTGCTCGTCCCTCTGATCAGCAGGAATCAGGAGG 
ACGTTTGTCCGAGGAGAGCGCTTCT^CCACAAGCATCTCCTACTTC^ 
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TTGCGCTCAATAGGAGATA 

>gi| 3328482 |gb|AAC67677.1| L28 Ribosomal Protein [Chlamydia trachomatis] 
MSKKCALTGRKPRRGYS YAIRGI SKKKKGIGLKVTGRTKRRFFPNMMTKRLWSTEENRFLKLKI SAAALR 
5 LVDKLGLDQWARAKS KGF 

>gi | 3328480 | gb | AE001283 . 1 :c2251-1982 , 

ATGTCGAAAAAATGTGCGCTTACAGGAAGAAAGCCTCGTCGCGGTTATAGCTATGCTATCCGAGGGATTT 
CTAAAAAGAAAAAAGGGATCGGOTTGAAAGTTACAGGAAGAACAA 
GACTAAGAGACTATGGTCTACTGAGGAAAATCGCTTCCTCAAACTCAAAATTTCTG 
1 0 CTTGTTGATAAACTAGGGTTAGATCAGGTTGTTGCTAGAGCTAAAAGCAAGGGTTTTTAG 



>gi|3328436|gb|AAC67635.l| SS DNA Binding Protein [Chlamydia trachomatis] 
^FGYLVGFLAADPEERMTSGGKRVVVLRI&VKSR 
1 5 GELSLES YVGRDGS PQAS I S VS VDTLKFNSGS SRPDARGSDEGRQRANDNVS IGFDGESLDTDS ALDKEV 
YAGFGEDQQYAS EDVPF 

>gi | 3328434 | gb | AE001279. 1:1060-1533, 

ATGTTGTTCGGATATTTGGTAGGATTTCTAGCTGCCGATCCTGAAGAAAGAATGACATCCGGAGGTAAAC 
GGGTTGTTGTTTTACGTTTGGGTGTAAAATCTCGTGTAGGATCTAAAGATGAAACAGTGTGGTGCAGATG 
20 CAATATCTGGAACAACCGTTATGATAAGATGCTTCCTTATTTGAAGAAAGGTTCTTCAGTCATTGTTGCT 
GGAGAGCTTTCTTTAGAAAGCTATGTAGGTAGAGACGGTTCTCC&C^GCT^ 

ATACATTAAAATTTAATTCCGGATCTTCTCGTCCTGATGCTAGAGGTTCAGATGAAGGTCGTCAGAGAGC 
TAATGATAATGTCTCTATTGGATTTGATGGAGAAAGTTTAGATACAGACTCTGCGCTTGATAAGGAAGTC 
TATGC^GGGTTTGGAGAAGACCAACAGTATGCTAGTGAGGATGTTCCTTTTTAG 

25 

>gi|332841l|gb]AAC67611.l| hypothetical protein [Chlamydia trachomatis] 

MKKQEKMHPQNLLKVFIFFLAFFISYPSAEAHSPLQSSIQEKILTARPGDYAVLSRGSQKFFFLIRQSSS 

EATWVEMSEFASLTQQEKKLVEQSSWK2JAFHQLQS 
30 FVKILRLPLSPAPSHLIKYKGKERTPWSPRTSLNGELITLPSSAWISVWPKDSSPLSEKNILIYFSNNER 

LAFPLWTS IDTPTGTVI I KT I EMGHQAAS S YPALPNF 

>gi | 3522886 | gb | AE001277 . 1 :c6191-5448, 

ATGAAAAAGCAAGAAAAAATGCACCCTCAAAACCTTCTTAAAGT^ 

TATCCTATCCCTCGGCTGAAGCCCATTCTCCTCTCCAAT 
35 CCCCGGAGACTATGCCGTCTTAAGCCGAGGATCTCAAAAATTTTC 

GAAGCGACTTGGGTCGAAATGTCTGAATTTGCCTCCCTAACACAGC^AGAAAAAAAATTAGTAGAACAGT 

CTTCCTGGAAGAATGCCTTCCATCAACTCCAATCTTCAAAAAAAGTGTACTTGTO 

TCCTCTTATGATTTTTGTTCTG?U^^ 

TTTGTAAAAATCCTTCGACTCCCTTTATCTCCAGCCCCCTCTCACTTAATTAAATACAAAGGGAAAGAAC 
40 GCACCCCCTGGTCTCCGCGAACATCTTTGAATGGAGAACTC^TAACCCTTCCTTCCAGTGCTTGGATTTC 
TGTTTGGCCAAAAGATTCTTCTCCTCTATCAGAAAAAAATATTCTCATATATTTTTCTAACAATGAACGT 
TTAGCGTTTCCTCTATGGACTAGTATTGATACTCCTACAGGGACAGTGATTATTAAGACTATTGAAATGG 
GGCACCAAGCCGCCTCCTCCTATCCAGCTCTTCCCAATTTCTAG 

45 

crpA, CHLTR 15 fcD cysteine -rich protein (Chlamydia trachomatis serovar D 
(D/UW-3/Cx) 

DNA sequence ~ " -«- - ' " * " 

50 AATATCAGCACTGTACCCGTTGTTCAAGGAGCTGGATCTTCCAAT^ 

CCATTAACACTGAAAGAGCGTATATCGAATCTTCTATCTTCCACTGCATTTAAGGTGGGATTAGTGGTG 
ATAGGACTACTTTTAGTGATTGCTACTTTGATATTCCTAGTTTCGGCAG 

TATCTAGTAGCTATTCCTGCTATTTTGGGATGCGTGAATATCTGCGTAGGAATTTTATCCATGGAAGGA 
CACTGTTCTCCGGAGAGATGGATCTTATGTAAGAAGGTATTAAAGACTTCAGAAGATATCATCGATGAT 
55 GGGCAGATAAACAACTCTAATAAAGTGTTTACTGATGAGAGGTTGAATGCCATAGGTGGGGTAGTGGAA 
TCTCTATCTA GAAGAAATAG TCTGGTGGATCAGACCCAATGA 

Trans'! a teci amfno ac fa ~sVquenceT * ' " ~ 

KIMS TVPWQGAGS SNSAQDISTR PLTLKERISN LLSSTAFKVG 
LWIGLLLVI ATLIFLVSAA SFVNAIYLVA IPAILGCVNI CVGILSMEGH 
60 CSPERWILCK KVLKTSEDII DDGQINNSNK VFTDERLNAI GGWESLSRR 

NSLVDQTQ* 



OmcA, CHLTR 9 kD cystein-rich outer membrane complex lipoprotein 
65 (Chlamydia trachomatis serovar D (D/UW-3/Cx) 
DNA sequence 

SUBSTITUTE SHEET (RULE 26) 
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GGGCTAGTTTCTTTTATTGTTAAAAGAATTGCT 

GGAAGTTMGAAAAAAACTGCTTTACTCGCTGCTTTATGTAGTGTTGTTT 
GTTGCTTCGAAGATCCATGCGGACCTATCCAATGTTC^ 

TCTTGTAACGGGTATGTCCCAGCTTGCAAACCTTGCGGAGGGGATACGCACCAAGATGCTAAACATGGCCCrc 
AGGAATTCCAGTTGACGGCAAATGCAGACAATAG 

translated amino acid sequence 



GIj vsfivkriaf idkrnfkspf 
LERSLEVMKK TALLAALCSV VSLSSCCRIV DCCFEDPCAP IQCSPCESKK 
KDVDGGCNSC NGYVPACKPC GGDTHQDAKH GPQARGIPVD GKCRQ* 



cutE, apolipoprotein N-acyi transferase (Chlamydia trachomatis serovar D (D/UW-3/Cx) 

DNA sequence 

GCTAGTAAGGGAGCCCCnTTA^n!QTTTAAACTTGTGTCATACATCA 

GGATGTAAGTGTTGTAGCTTCTGTTGTTAGTTGTATTTGCGGTTACAGCrTACTTT 

AGCAATTATCTTGGAAGAAAGTTTGGTGCATCGCTTTTATT^ 

CTTGAAGATCTTTATGTAGGGACAAGCATCrrATTTTGTTTGGGGTATACrrGC 

TTTTTCTTGTTTGGTTGTGTGGTGTTGTCGCAAGCAATATAGGGGAGCTCTTGTTT 

TAGAAGCAATACGCTATTATGGC^^ 

GGCCGGCAATTCGGCAGCTrrm 

ATGTTTATTAAAACACTui HH CC AAAGGTTTGTGGTTGACGTTGTGC GCGTTCCCTTATCTGTTAGGCGG AGC GCATT 
ACGAATACCTAAAGAAGCATTTTrcCGACTCTGAAGTGCTTC 

CATGCAGGGAGGACGGCTAGTGCTATTTGGAGAGGTTTGGTTTCTTTGTGCCAGACT^ 

CGTTTTCCCAGAAGTAAGTGTTCOTITGGCTTACATAGACAAGCCT 

GTTTGCTTCCTAACAAATCTrGGGGCGAGTTTTTCACAAATTTGG^ 

ACCGTrATCATGGGAATGK3AACGATGGGAAAATAAAGGGGGAATACTGCATrro 

AGAAGGGGAAATAACTAGCTATGATAAGCGGATTCTTGTTC 

CCTTGTGTCAAACCTTTTTCCCACL^ATTTGCTCTTCCCTrTC 

AGAGAGC GAATA AAAGCTGGGATCTCTATTTGTTATGAGGAGACAT 

AGCCGATATTTTAGTAAATCTTACTAATGACGGTTGCT 

TGTTACGTAATCAAGAGTTGGGTATACCTTGTATTCGCGC 

AGAATTGTCGGCATACTTCCCTGGGAATCGAGAACITGCCCAGTTTCT^ 

CAG TTATCA TACTCTATATGCAAQGC^^ 

CCTATTTTTATAGGAAAAAGAAAGAGACCCCACCACAAACATTTTTTTGA 
Translated amino acm sequence 



ASKG 

APLVFKLVSY OLSWVLVCL AQPDVSWAS WSCICGYSL LWAGLFALVE 
QLSWKKVWCI AFIWTWTVEG AHFSWMLEDL YVGTSIYFVW GILLS YLATL 
FASFSCLWW CCRKQ YRGAL VWLPGVWVAI EA1RYYGLLS GVSFDFIGWP 
LTATAYGRQF GSFFGWAGQS FLVIAANICC FAVCLLKHSF SKGLWLTLCA 
FPYLLGGAHY EYLKKHFSDS EVLRVAIVQP GYSPHMHAGR TASAIWRGLV 
SLCQTIQTPV DVIVFPEVSV PFGLHRQAYT LHENQPVLES LLPKKSWGEF 
FTNLDWIQAI AERYQCTVIM GMERWENKGG ILHLYNAAEC VSREGEITSY 
DKRILVPGGE YIPGGKIGFS LCQTFFPEFA LPFQRLPGEF SGWNITERI 
KAGISICYEE TFGYAIRPYK RQQADILVNL TNDGWYPRSR LPLVHFYHGM 
LRNQELGIPC IRACRTGVSA AVDSLGRIVG ILPWESRTCP VSTGVLQVSV 
PLYSYHTVYA RLGDAPLLU AVCSVIGAIA YFYRKKKETP PQTFF* 



pal, peptidogrycan-assodated lipoprotein (Chlamydia trachomatis serovar D (D/UW-3/Cx) 
DNA sequence 

G AAAATTGTTA TAGGATCAGG 
AGAGAAACGT TTCCCATGCT GGGGAGCATT TCCTTCACAA CATATAAAGA 
AAA CCTCA I6 AGAAAGACTA TTTTTAAAGC GTTTAATTTA TTATTCTCCC 
TTCTTTTTCT TTCTTCATGC TCTTATCCTT GCAGAGATTG GGAATGCCAT 
GGTTGCGACT CCGCAAGACC TCGTAAATCC TCTTTTGGAT TCGTACCTTT 
CTACTCCGAT GAAGAAATTC AACAAGCTTT TGTTGAAGAT TTTGATTCCA 
AAGAAGAGCA GCTGTACAAA ACGAGCGCAC AGAGTACCTC TTTCCGAAAT 
ATCACTTTCG CTACAGATAG TTATTCTATT AAAGGAGAGG ATAACCTCAC 
GATTCTTGCA AGCTTAGTTC GTCATTTGCA TAAATCTCCT AAAGCTACGC 
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T ATAT ATAGA GGGCCATACA GATGAACGTG GAGCTGCAGC TTATAACCTA 
GCTTTAGGAG CTCGTCGTGC GAATGCTGTA AAACAATACC TCATCAAACA 
GGGAATCGCT GCAGACCGCT TATTCACTAT TTCTTACGGA AAAGAACATC 
CTGTTCATCC AGGCCATAAT GAATTAGCTT GGCAACAAAA TCGTCGTACT 
GAATTTAAGA TCC ATGCTCG CTAA 

1'ransiatea ammo acia sequence 1 



KNCYRIR 

RETFPMLGSI SFTTYKENLM RKTIFKAFNL LFSLLFLSSC SYPCRDWECH 
GCDSARPRKS SFGFVPFYSD EEIQQAFVED FDSKEEQLYK TSAQSTSFRN 
ITFATDSYSI KGEDNLTTLA SLVRHLHKSP KATLYIEGHT DERGAAAYNL 
ALGARRANAV KQ YUKQGIA ADRLFT1SYG KEHP VHPGHN ELAWQQNRRT 
EFKIHAR* 



The following Chlamydia trachomatis outer membrane proteins (full sequences 
above) are disclosed for the first time as being useful in a C trachomatis vaccine. A 
vaccine comprising one or more of these proteins (or native or functional analogues 
thereof) is a further aspect of this invention (particularly in the context of being 
presented on the surface of a bleb). 



Amino acid sequences: 

>gi|65781 18|gb|AAC68456.2| predicted Protease containing IRBP andDHR domains [Chlamydia trachomatis] 
>gi|6578109|gb|AAC68227.2| CHLPN 76kDa Homolog [Chlamydia trachomatis] 
>gi|3328866|gblAAC68034.1| Sulfite Reductase [Chlamydia trachomatis] 
>gi|3328815|gb[AAC67986.1| hypothetical protein [Chlamydia trachomatis] 

>gi|3328587|gb|AAC67774.1| CMP-2-keto-3-deoxyoctulosonic acid synthetase [Chlamydia trachomatis] 
>gi|3329039|gb|AAC68197.1| Thio:disulfide Interchange Protein [Chlamydia trachomatis] 
>gi|3329000|gb|AAC68 1 6 1 . 1 j Yop proteins translocation lipoprotein J [Chlamydia trachomatis] 
>gi|3328905|gb|AAC68071.1| hypothetical protein [Chlamydia trachomatis] 
>gi|3328884|gb|AAC68051.1| Phosphatidate Cytidylytransferase [Chlamydia trachomatis] 
>gi|3328855|gb|AAC68022.1| hypothetical protein [Chlamydia trachomatis] 
>gi|3328772|gb|AAC67946.1| hypothetical protein [Chlamydia trachomatis] 
>gi|3328763|gb|AAC67938.1| O-SialoglycoproteinEndopeptidase family [Chlamydia trachomatis] 
>gi|6578102|gb|AAC67897.2| ATP Synthase Subunit K [Chlamydia trachomatis] 
>gi|3329252|gblAAC68382.1| S14 Ribosomal Protein [Chlamydia trachomatis] 
>gi|3328987|gb|AAC68150.1| hypothetical protein [Chlamydia trachomatis] 
>gi|3328972|gb|AAC68136.1| Apolipoprotein N-Acetyltransferase [Chlamydia trachomatis] 
>gi|3328612|gb|AAC67797.1| Fructose-6-P Phosphotransferase [Chlamydia trachomatis] 
>gi|3328517|gb|AAC67709.1| hypothetical protein [Chlamydia trachomatis] 
>gi|3328482|gb|AAC67677.1| L28 Ribosomal Protein [Chlamydia trachomatis] 
>gi|3328436|gb|AAC67635.1| SS DNA Binding Protein [Chlamydia trachomatis] 
>gi|332841 l|gb|AAC67611.1| hypothetical protein [Chlamydia trachomatis] 



Again, when such blebs are present in a vaccine formulation they may be more 
protective against Chlamydia trachomatis infection than the use of the protein in 
isolation. 
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Particularly beneficial pairs of Chlamydia trachomatis antigens are further 
preferred embodiments of this invention. Thus in a farther aspect a Gram-negative 
bleb (preferably from gonococcus) is provided presenting on its surface both the PorB 
and PmpG outer membrane proteins from Chlamydia trachomatis. Furthermore, a 
Gram-negative bleb (preferably from gonococcus) is provided presenting on its surface 
both the PorB and MOMP (from one or more serovars) outer membrane proteins from 
Chlamydia trachomatis. Lastly, a Gram-negative bleb (preferably from gonococcus) is 
provided presenting on its surface both the PmpG and MOMP (from one or more 
serovars) outer membrane proteins from Chlamydia trachomatis. 

By MOMP (or OMP1 or OMP 1) from one or more (1, 2, 3, 4, 5, 6, 7, 8, 9, 10 
or more) serovars it is preferred that one or more should be selected from a list 
serovars consisting of: B, Ba, D, Da, E, LI, L2, L2a, F, G, K, L3, A, C, H, I, la, & J; 
more preferably from a list consisting of D, E, F, G, K, H, I, & J. Most preferably one 
or more MOMPs should at least comprise MOMP from serovar D or E (most 
preferably D). A further preferred strategy is the selection of one or more MOMP from 
each of the following 3 serogroups: B-serogroup (consisting of serovars B, Ba, D, Da, 
E, LI, L2 and L2a, and preferably selected from serovars D, Da, & E); F-G-serogroup 
(consisting of serovars F and G); and C-serogroup (consisting of servars A, C, H, I, la, 
J, K, and L3, and preferably selected from serovars H, I, la, J and K). 

Most preferably the genes for the Chlamydia trachomatis antigens should be 
inserted at the PorA locus of Neisseria (preferably gonococcus). 

Such a prepartion formulated as a vaccine may give enhanced protection to a 
host against Chlamydia trachomatis than when a single antigen is administered. 

Preferably the bleb has been derived from a strain (preferably gonococcus) 
which has been modified to upregulate one or more protective outer membrane 
antigens (as described below). 

Preferably the bleb has been derived from a strain (preferably gonococcus) 
which has been modified to downregulate one or more immunodominant variable or 
non-protective outer membrane antigens (as described below). 

Preferably the blebs are derived from a strain (preferably gonococcus) which 
has a detoxified lipid A portion of bacterial LPS, due to the strain having been 
engineered to reduce or switch off expression of one or more genes which cause LPS 
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to be toxic (preferably selected from the following genes, or homologues thereof htrB, 
msbB and lpxK; see section below). 

Preferably the blebs are derived from a strain (preferably gonococcus) which 
has a detoxified lipid A portion of bacterial LPS, due to the strain having been 
engineered to express at a higher level of one or more genes producing a gene product 
that is capable of detoxifying LPS (preferably selected from the following genes, or 
homologues thereof: pmrA, pmrB, pmrE and pmrF; see section below). 

Vaccine compositions comprising the bleb of the invention and a 
pharmaceutical^ suitable excipient or carrier is also envisaged. Preferably the vaccine 
additionally comprises a mucosal adjuvant. Mucosal adjuvants are well known in the 
art (see Vaccine Design "The subunit and adjuvant approach" (eds Powell M.R & 
Newman M.J.) (1995) Plenum Press New York). A preferred mucosal adjuvant is LT2 
(or LTII, which can be split into LTIIa and LTTIb - see Martin et al. Infection and 
Immunity, 2000, 68:281-287). Preferably such vaccines should be formulated and 
administered as described below in "vaccine formulations" 

The content of blebs per dose in the vaccine will typically be in the range 1- 
100|ng, preferably 5-50ng, most typically in the range 5 - 25pg. 

Optimal amounts of components for a particular vaccine can be ascertained by 
standard studies involving observation of appropriate immune responses in subjects. 
Following an initial vaccination, subjects may receive one or several booster 
immunisations adequately spaced. 

A method of preventing Chlamydia trachomatis infection in a host is also 
provided comprising the steps of administering an effective amount of the above 
vaccine to a host in need thereof. Preferably the vaccine is mucosally administered via 
either a intranasal, oral, intradermal or intravaginal route. 



Chlamydia pneumoniae antigens integrated into a Gram negative bacterial bleb 

In a further aspect, the invention provides a Gram-negative bleb presenting on 
its surface a protective antigen from Chlamydia pneumoniae. Neisseria meningitidis, 
Moraxella catharralis, and Haemophilus influenzae are preferred species for the 
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production of said bleb. A bacterial strain capable of producing such a bleb is a further 
aspect of the invention. Such protective antigens are preferably one or more of those 
listed below: 

1) Cell Envelope: Membrane Proteins, Lipoproteins and Porins 



Gene : 



Protein Function: 



yaeT 
60IM 

igt 

crpA 

omcB 

omcA 

cutE 

ompA 

pal 

porB 



0MP85 homolog 

60 kD inner membrane protein 

prolipoprotein diacylglyceryl transferase 

CHLTR 15 kD cysteine-rich protein 

60 kD cysteine-rich outer membrane complex protein 

9 kD cysteine-rich outer membrane complex lipoprotein 

apolipoprotein N-acetyltransf erase 

major outer membrane protein 

peptidoglycan-associated lipoprotein 

outer membrane protein analog 



2) Coding Genes (Not in C. trachomatis) 

Gene: Protein Function: 

yqfF conserved hypothetical inner membrane protein 

yxjG hypothetical protein 

guaA GMP synthase 

guaB inosine 5 ! -monophosphate dehydrogenase 

argR sirnilarity to arginine repressor 

CPn0232 sirnilarity to 5-methylthioadenosine nucleosidase 

CPn025 1 conserved hypothetical protein 

CPn0278 conserved outer membrane lipoprotein protein/a> 

CPn0279 possible ABC transporter permease 

yxjG hypothetical protein 

yqeV hypothetical protein 

CPn0486 hypothetical proline permease 

CPn0505 3-methyladenine DNA glycosylase 

CPn0562 CHLPS 43 kDa protein 

CPn0585 similarity to CHLPS IncA 

yvyD conserved hypothetical protein 

CPn0608 uridine S-monophosphate synthase 

CPn0735 uridine kinase 

CPn0907 CutA-like periplasmic divalent cation tolerance protein 

CPn0927 CHLPS 43 kDa protein 

CPn0928 CHLPS 43 kDa protein 

CPn0929 CHLPS 43 kDa protein 

CPn0980 similar to S. cerevisiae 52.9 kDa protein 

bioA adenosylmetmomne-8-arriino-7-oxononanoate aminotransferase 

bioD dethiobiotin synthetase 

bioB biotin synthase 

CPnl 045 conserved hypothetical membrane protein 

CPnl046 tryptophan hydroxylase 



3) Chlamydia- Specif ic Proteins 

Gene: Protein Function: 
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pmp_l 


polymorphic outer membrane protein 


pmp 2 


polymorphic outer membrane protein 


prap_3 


polymorphic outer membrane protein 


pmp_3 


polymorphic outer membrane protein 


pmp_4 


polymorphic outer membrane protein 


pmp_4 


polymorphic outer membrane protein 


pmp_5 


polymorphic outer membrane protein 


pmp_5 


polymorphic outer membrane protein 


CPn0133 


CHLPS hypothetical protein 


CPn0186 


similarity to IncA 


incB 


inclusion membrane protein B 


incC 


inclusion membrane protein C 


CPn0332 


CHLTR T2 protein 


ltuB 


LtuB protein 


pmp_6 


polymorphic outer membrane protein 


pmp_7 


polymorphic outer membrane protein 


pmp_8 


polymorphic outer membrane protein 


pmp_9 


polymorphic outer membrane protein 


pmp_10 


polymorphic outer membrane protein 


pmp_10 


polymorphic outer membrane protein 


pmp_ll 


polymorphic outer membrane protein 


pmp_12 


polymorphic outer membrane protein 


pmp_13 


polymorphic outer membrane protein 


pmp_14 


polymorphic outer membrane protein 


pmp_15 


polymorphic outer membrane protein 


pmp_16 


polymorphic outer membrane protein 


pmp_17 


polymorphic outer membrane protein 


pmp_17 


polymorphic outer membrane protein 


pmp_17 


polymorphic outer membrane protein 


pmp_18 


polymorphic outer membrane protein 


pmp_19 


polymorphic outer membrane protein 


pmp_2 0 


polymorphic outer membrane protein 


euo 


CHLPS Euo protein 


CPn0562 


CHLPS 43 kDa protein homolog 


CPn0585 


similar to CHLPS inclusion membrane protein A 


CPn072 8 


CHLPN 76 kDa protein homolog 


CPn0729 


CHLPN 76 kDa protein homolog 


gp6D 


CHLTR plasmid protein 


CPn0927 


CHLPS 43 kDa protein homolog 


CPn0928 


CHLPS 43 kDa protein homolog 


CPn0929 


CHLPS 43 kDa protein homolog 


pmp 21 


polymorphic outer membrane protein 


ItuA 


LtuA protein 



(Full sequence information has been published at the Chlamydia Genome Project web 
site: http://cUamydia-www.berkeley.edu:4231/index.html ). 



Additional Chlamydia genes, and encoded proteins, suitable for expression in a Gram-negative 
bacteria for OMV vaccine preparation: 

Chlamydia pneumoniae 98kD putative outer membrane protein gene. WO200026237 

-A2 

Patent ImentoisDUNN PL 
OOMENRP 
MURDINAD 

Chlamydia POMP91B precursor gene. WO200026239 



Patent Inventors/) UNNPL 
OOMENRP 
MURDINAD 



-A2 
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Chlamydia antigen CPN100634 full length coding sequence. 

Patent Inventors OOMENRP 
WANG J 
MURDINAD 

Chlamydia antigen CPN1 00634 gene open reading frame. 

Patent Inventors OOMENRP 
WANG J 
MURDINAD 

Chlamydia antigen CPN100635 full length coding sequence. 

Patent InwentoisOOMEN RP 
WANG J 
MURDINAD 

Chlamydia antigen CPN100635 gene open reading frame. 

Patent Inventors OOMEN RP 
WANG J 
MURDINAD 

Chlamydia antigen CPN100638 full length coding sequence. 

Patent InventorsOOMEN RP 
WANG J 
MURDINAD 

Chlamydia antigen CPN100638 gene open reading frame. 

Patent Inventors OOMENRP 
WANG J 
MURDINAD 

Chlamydia antigen CPN100639 full length coding sequence. 

Patent InventorsOOMEN RP 
WANG J 
MURDINAD 

Chlamydia antigen CPN100639 gene open reading frame. 

Patent Inventors OOMENRP 
WANG J 
MURDINAD 

Chlamydia antigen CPN100708 full length coding sequence. 

Patent InventoisOOMEN RP 
WANGJ 
MURDINAD 

Chlamydia antigen CPN1 00708 gene open reading frame. 

Patent ImentoTsOOMEN RP 
WANGJ 
MURDINAD 

C. pneumoniae ATP/ADP translocase coding sequence. 

Patent Inventors/) UNNP 

OOMENRP 

WANGJ 

MURDINAD 

Chlamydia pneumoniae 98 kDa outer membrane protein CPN100640 
Patent Inventors/) UNNP 



PCT/EP02/01356 

WO200032794 
-A2 



WO200032794 
-A2 



WO200032794 
-A2 



WO200032794 
-A2 



WO200032794 
-A2 



WO200032794 
-A2 



WO200032794 
-A2 



WO200032794 
-A2 



WO200032794 
-A2 



WO200032794 
-A2 



WO200039157 
-Al 



gene. WO200032784 
-Al 
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OOMENRP 
WANG J 
MURDINAD 

Chlamydia pneumoniae 98 kDa outer membrane protein coding region. 

Patent JxLventoisDUNN P 

OOMENRP 
WANG J 
MURDINAD 

DNA encoding a 9 kDa cysteine-rich membrane protein. 

Patent InventorsDWWVP 

OOMENRP 
WANG J 
MURDINAD 

DNA encoding a 60 kDa cysteine-rich membrane protein. 

Patent Inventors/) UNNP 

OOMENRP 
WANG J 
MURDINAD 
A 9 kDa cysteine-rich membrane protein. 

Patent JnventoisDUNN P 

OOMENRP 
WANG J 
MURDINAD 

A 60 kDa cysteine-rich membrane protein of Chlamydia pneumoniae. 

Patent ImentOTsDUNN P 

OOMENRP 
WANG J 
MURDINAD 
C. pneumoniae mip (outer membrane protein). 

Patent hwentoxsDUNN PL 
OOMENRP 
MURDINAD 

C. pneumoniae mip (outer membrane protein) truncated protein. 

Patent InventorsZ) UNN PL 
OOMENRP 
MURDINAD 
C. pneumoniae omp protein sequence. 

Patent InventorsDUNN PL 
OOMENRP 
MURDINAD 
C. pneumoniae omp protein truncated sequence. 

Patent InventorsDUNN PL 
OOMENRP 
MURDINAD 

Amino acid sequence of the CPN100111 polypeptide. 

Patent Inventors OOMENRP 
MURDINAD 

Amino acid sequence of the CPN100224 polypeptide. 



WO200032784 
-Al 



WO200053764 
-Al 



WO200055326 
-Al 



WO200053764 
-Al 



WO200055326 
-Al 



WO200006741 
-Al 



WO200006741 
-Al 



WO200006743 
-A2 



WO200006743 
-A2 



WO200011183 
-A2 



WO200011183 
-A2 
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Patent Inventors OOMENRP 
MURDINAD 

Amino acid sequence of the CPN100230 polypeptide. 

Patent Inventors OOMENRP 
MURDINAD 

Amino acid sequence of the CPN100231 polypeptide. 

Patent Inventors OOMENRP 
MURDINAD 

Amino acid sequence of the CPN1 00232 polypeptide. 

Patent Inventors OOMEN RP 
MURDINAD 

Amino acid sequence of the CPN100233 polypeptide. 

Patent Inventors OOMEN RP 
MURDINAD 

Amino acid sequence of the CPN100394 polypeptide. 

Patent Inventors OOMENRP 
MURDINAD 

Amino acid sequence of the CPN100395 polypeptide. 



WO200011183 
-A2 



WO200011183 
-A2 



WO200011183 
-A2 



WO200011183 
-A2 



WO200011183 
-A2 



WO200011183 
-A2 



Patent Inventors OOMENRP 
MURDINAD 

Amino acid sequence of the POMP91 A protein of Chlamydia pneumoniae. WO20001 1 180 

-Al 

Patent InventorsZ>t/7W PL 
OOMENRP 
MURDINAD 

Chlamydia pneumoniae antigen CPN100202 protein sequence. 



Patent Inventors OOMENRP 
MURDINAD 

Chlamydia pneumoniae antigen CPN100149 protein SEQ ID NO:2. 

Patent Inventors OOMENRP 
MURDINAD 

Chlamydia pneumoniae antigen CPN100605 protein SEQ ID NO:2. 

Patent Inventors OOMENRP 
MURDINAD 
Chlamydia antigen CPN100634. 

Patent ImentorsOOMEN RP 
WANG J 
MURDINAD 
Chlamydia antigen CPN1 00635. 

Patent Inventors OOMENRP 
WANG J 
MURDINAD 
Mature Chlamydia antigen CPN100635. 

Patent Inventors OOMENRP 
WANG J 
MURDINAD 
Chlamydia antigen CPN100638. 



WO200006739 
-A2 



WO200006740 
-Al 



WO200006742 
-A2 



WO200032794 
-A2 



WO200032794 
-A2 



WO200032794 
-A2 



WO200032794 
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Patent Inventors OOMENRP 
WANG J 
MURDINAD 
Chlamydia antigen CPN1 00639. 

Patent ImentoisOOMENRP 
WANGJ 
MURDINAD 
Chlamydia antigen CPN100708. 

Patent Inventors OOMENRP 
WANGJ 
MURDINAD 

C. pneumoniae ATP/ADP translocase protein sequence. 

Patent Inventors/) E/MVP 

OOMENRP 

WANGJ 

MURDINAD 

Chlamydia pneumoniae 98fcD putative outer membrane protein. 

Patent InveatorsDUNN PL 
OOMENRP 
MURDINAD 
Chlamydia POMP91B precursor protein. 

Patent InvenioisDUNN PL 
OOMENRP 
MURDINAD 

Chlamydia pneumoniae 98 kDa outer membrane protein CPN100640. 

Patent Inventors!) UNNP 

OOMENRP 

WANGJ 

MURDINAD 

Chlamydia pneumoniae processed 98 kDa outer membrane protein 
CPN100640. 

Patent Inventors/) WW P 

OOMENRP 
WANGJ 
. MURDINAD 
C. pneumoniae mip (outer membrane protein) encoding DNA. 

Patent Inventors/) UNNPL 
OOMENRP 
MURDINAD 
C. pneumoniae omp protein encoding DNA. 

Patent Inventors/) UNNPL 
OOMENRP 
MURDINAD 
DNA encoding the CPN100111 polypeptide. 

Patent InventoxsOOMEN RP 
MURDINAD 
DNA encoding the CPN100224 polypeptide. 

Patent Inventors OOMENRP 



-A2 



WO200032794 
-A2 



WO200032794 
-A2 



WO200039157 
-Al 



WO200026237 
-A2 



WO200026239 
-A2 



WO200032784 
-Al 



WO200032784 
-Al 



WO200006741 
-Al 



WO200006743 
-A2 



WO200011183 
-A2 



WO200011183 
-A2 
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MURDINAD 
DNA encoding the CPN100230 polypeptide. 

Patent JnvcntorsOOMEN RP 
MURDINAD 
DNA encoding the CPN100231 polypeptide. 

Patent Inventors OOMEN RP 
MURDINAD 
DNA encoding the CPN100232 polypeptide. 

Patent Inventors OOMEN RP 
MURDINAD 
DNA encoding the CPN1 00233 polypeptide. 

Patent Inventors OOMEN RP 
MURDINAD 
DNA encoding the CPN100394 polypeptide. 

Patent Inventors OOMEN RP 
MURDINAD 
DNA encoding the CPN100395 polypeptide. 

Patent Inventors OOMEN RP 
MURDINAD 

Nucleotide sequence of the POMP91 A gene of Chlamydia pneumoniae. 

Patent InventoxsDUNN PL 
OOMENRP 
MURDINAD 

Chlamydia pneumoniae antigen CPN100202 nucleotide sequence. 



WO200011183 
-A2 



WO200011183 
-A2 



WO200011183 
-A2 



WO200011183 
-A2 



WO200011183 
-A2 



WO200011183 
-A2 



WO200011180 
-Al 



WO200006739 
-A2 



Patent JnventorsOOMEN RP 
MURDINAD 

Chlamydia pneumoniae antigen CPN100149 protein encoding DNA SEQ ID WO200006740 
NO:l. 6 _ A1 

Patent Inventors OOMENRP 
MURDINAD 

Chlamydia pneumoniae antigen CPN1 00605 protein encoding DNA SEQ ID WO200006742 
NO:l. -A2 

Patent Inventors OOMENRP 
MURDINAD 



When such blebs are present in a vaccine formulation they may be more 
protective against Chlamydia pneumoniae infection than the use of the protein/antigen 
in isolation. 

Particularly beneficial pairs of Chlamydia pneumoniae antigens have also been 
found. Thus in a further aspect a Gram-negative bleb (preferably from 
meningococcus) is provided presenting on its surface both the PorB and MOMP outer 
membrane proteins from Chlamydia pneumoniae. Furthermore, a Gram-negative bleb 
(preferably from meningococcus) is provided presenting on its surface both MOMP 
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and one or more Pmp outer membrane proteins from Chlamydia pneumoniae, A 
Gram-negative bleb (preferably from meningococcus) is additionally provided 
presenting on its surface both the PorB and one or more Pmp outer membrane proteins 
from Chlamydia pneumoniae. A Gram-negative bleb (preferably from 
meningococcus) is also provided presenting on its surface both the PorB and Nptl 
proteins from Chlamydia pneumoniae. A Gram-negative bleb (preferably from 
meningococcus) is additionally provided presenting on its surface both the Nptl and 
one or more Pmp proteins from Chlamydia pneumoniae. Lastly, a Gram-negative bleb 
(preferably from meningococcus) is provided presenting on its surface both the Nptl 
and MOMP proteins from Chlamydia pneumoniae. Bacterial strains from which these 
blebs are derived are further aspects of this invention. 

Such prepartions formulated as a vaccine can give enhanced protection to a 
host against Chlamydia than when a single antigen is administered. 

Preferably the bleb has been derived from a strain which has been modified to 
upregulate one or more protective outer membrane antigens (see below; for instance 
for meningocococcal protective outer membrane antigens see section "Neisserial bleb 
preparations" for those antigens that should preferably be upregulated). 

Preferably the bleb has been derived from a strain which has been modified to 
downregulate one or more immunodominant variable or non-protective outer 
membrane antigens (as described below; for instance for meningocococcal 
variable/non-protective outer membrane antigens see section <e Neisserial bleb 
preparations" for those antigens that should preferably be downregulated). 

Preferably the blebs are derived from a strain which has a detoxified lipid A 
portion of bacterial LPS, due to the strain having been engineered to reduce or switch 
off expression of one or more genes which cause LPS to be toxic (preferably selected 
from the following genes, or homologues thereof htrB, msbB and lpxK; see section 
below). 

Preferably the blebs are derived from a strain which has a detoxified lipid A 
portion of bacterial LPS, due to the strain having been engineered to express at a 
higher level of one or more genes producing a gene product that is capable of 
detoxifying LPS (preferably selected from the following genes, or homologues 
thereof: pmrA, pmrB, pmrE and pmrF; see section below). 
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Vaccine compositions comprising the bleb of the invention and a 
pharmaceutical^ suitable excipient or carrier are also envisaged. Preferably the 
vaccine additionally comprising a mucosal adjuvant. Mucosal adjuvants are well 
known in the art (see Vaccine Design "The subunit and adjuvant approach" (eds 
Powell M.F. & Newman M.J.) (1995) Plenum Press New York). A preferred mucosal 
adjuvant is LT2 (or LTII, which can be split into LTIIa and LTIIb - see Martin et al. 
Infection and Immunity, 2000, 68:281-287). Preferably such vaccines should be 
formulated and administered as described below in "Vaccine formulations". 

The content of blebs per dose in the vaccine will typically be in the range 1- 
lOOjig, preferably 5-50^ig, most typically in the range 5 - 25^g. 

Optimal amounts of components for a particular vaccine can be ascertained by 
standard studies involving observation of appropriate immune responses in subjects. 
Following an initial vaccination, subjects may receive one or several booster 
immunisations adequately spaced. 

The efficacy of a C pneumoniae vaccine can be evaluated in a mouse model of 
infection such as the one described by Murdin et al., 2000, J. Infect Dis. 181 (suppl 
3):S5444-51. The protection elicited by a vaccine formulation can be assessed by 
reduction of the bacterial load in the lung after a challenge infection with C. 
pneumoniae. 

A method of preventing Chlamydia pneumoniae infection in a host is also 
provided comprising the steps of administering an effective amount of the above 
vaccine to a host in need thereof. Preferably the vaccine is mucosally administered via 
either an intranasal, intradermal or oral route. 

Further improvements in the bacteria and blebs of the invention 

The Gram-negative bacterium of the invention may be further genetically 
engineered by one or more processes selected from the following group: (a) a process 
of down-regulating expression of immunodominant variable or non-protective 
antigens, (b) a process of upregulating expression of protective OMP antigens, (c) a 
process of down-regulating a gene involved in rendering the lipid A portion of LPS 
toxic, (d) a process of upregulating a gene involved in rendering the lipid A portion of 
LPS less toxic, and (e) a process of down-regulating synthesis of an antigen which 
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shares a structural similarity with a human structure and may be capable of inducing 
an auto-immune response in humans. These processes are described in detail in WO 
01/09350 (incorporated by reference herein). 

Such bleb vaccines of the invention are designed to focus the immune 
response on a few protective (preferably conserved) antigens or epitopes - formulated 
in a multiple component vaccine. Where such antigens are integral OMPs, the outer 
membrane vesicles of bleb vaccines will ensure their proper folding. This invention 
provides methods to optimize the OMP and LPS composition of OMV (bleb) vaccines 
by deleting immunodominant variable as well as non protective OMPs, by creating 
conserved OMPs by deletion of variable regions, by upregulating expression of 
protective OMPs, and by eliminating control mechanisms for expression (such as iron 
restriction) of protective OMPs. In addition the invention provides for the reduction in 
toxicity of lipid A by modification of the lipid portion or by changing the phosphoiyl 
composition whilst retaining its adjuvant activity or by masking it. Each of these new 
methods of improvement individually improve the bleb vaccine, however a 
combination of one or more of these methods work in conjunction so as to produce an 
optimised engineered bleb vaccine which is immuno-protective and non-toxic - 
particularly suitable for paediatric use. 

(a) a process of down-regulating expression of immunodominant variable or non- 
protective antigens 

Many surface antigens are variable among bacterial strains and as a 
consequence are protective only against a limited set of closely related strains. An 
aspect of this invention covers the reduction in expression, or, preferably, the deletion 
of the gene(s) encoding variable surface protein(s) which results in a bacterial strain 
producing blebs which, when administered in a vaccine, have a stronger potential for 
crossTreactivity against various strains due to a higher influence exerted by conserved 
proteins (retained on the outer membranes) on the vaccinee's immune system. 
Examples of such variable antigens include: for Neisseria - pili (PilC) which 
undergoes antigenic variations, PorA, Opa, TbpB, FrpB; for H. influenzae - P2, P5, 
pilin, IgAl -protease; and for Moraxella - CopB, OMP106. 
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Other types of gene that could be down-regulated or switched off are genes 
which, in vivo, can easily be switched on (expressed) or off by the bacterium. As outer 
membrane proteins encoded by such genes are not always present on the bacteria, the 
presence of such proteins in the bleb preparations can also be detrimental to the 
5 effectiveness of the vaccine for the reasons stated above. A preferred example to 
down-regulate or delete is Neisseria Opc protein. Anti-Opc immunity induced by an 
Opc containing bleb vaccine would only have limited protective capacity as the 
infecting organism could easily become Opc". H. influenzae HgpA and HgpB are other 
examples of such proteins. 
10 In process a), these variable or non-protective genes are down-regulated in 

expression, or terminally switched off. This has the surprising advantage of 
concentrating the immune system on better antigens that are present in low amounts 
on the outer surface of blebs. 

The strain can be engineered in this way by a number of strategies including 
15 transposon insertion to disrupt the coding region or promoter region of the gene, or 
point mutations or deletions to achieve a similar result. Homologous recombination 
may also be used to delete a gene from a chromosome (where sequence X comprises 
part (preferably all) of the coding sequence of the gene of interest). It may additionally 
be used to change its strong promoter for a weaker (or no) promoter. All these 
20 techniques are described in WO 01/09350 (published by WIPO on 8/2/01 and 
incorporated by reference herein). 

(b) a process ofupregulating expression of protective OMP antigens 

This may be done by inserting a copy of such a protective OMP into the 

25 genome (preferably by homologous recombination), or by upregulating expression of 
the native gene by replacing the native promoter for a stronger promoter, or inserting a 
strong promoter upstream of the gene in question (also by homologous 
recombination). Such methods can be accomplished using the techniques described in 
WO 01/09350 (published by WIPO on 8/2/01 and incorporated by reference herein). 

30 Such methods are particularly useful for enhancing the production of 

immunologically relevant Bleb components such as outer-membrane proteins and 
lipoproteins (preferably conserved OMPs, usually present in blebs at low 
concentrations). 
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(c) a process of down-regulating a gene involved in rendering the lipid A portion of 
LPS toxic 

The toxicity of bleb vaccines presents one of the largest problems in the use of 
blebs in vaccines. A further aspect of the invention relates to methods of genetically 
detoxifying the LPS present in Blebs. Lipid A is the primary component of LPS 
responsible for cell activation. Many mutations in genes involved in this pathway lead 
to essential phenotypes. However, mutations in the genes responsible for the tenninal 
modifications steps lead to temperature-sensitive (htrB) or permissive (msbB) 
phenotypes. Mutations resulting in a decreased (or no) expression of these genes result 
in altered toxic activity of lipid A. Indeed, the non-lauroylated (htrB mutant) [also 
defined by the resulting LPS lacking both secondary acyl chains] or non-myristoylated 
(msbB mutant) [also defined by the resulting LPS lacking only a single secondary acyl 
chain] lipid A are less toxic than the wild-type lipid A. Mutations in the lipid A 4'- 
kinase encoding gene (IpxK) also decreases the toxic activity of lipid A. 

Process c) thus involves either the deletion of part (or preferably all) of one or 
more of the above open reading frames or promoters. Alternatively, the promoters 
could be replaced with weaker promoters. Preferably the homologous recombination 
techniques are used to carry out the process. Preferably the methods described in WO 
01/09350 (published by WIPO on 8/2/01 and incorporated by reference herein) are 
used. The sequences of the htrB and msbB genes from Neisseria meningitidis B, 
Moraxella catarrhalis, and Haemophilus influenzae are provided in WO 01/09350 for 
this purpose. 

(d) a process ofupregulating a gene involved in rendering the lipid A portion of LPS 
less toxic 

LPS toxic activity could also be altered by introducing mutations in genes/loci 
involved in polymyxin B resistance (such resistance has been correlated with addition 
of arninoarabinose on the 4' phosphate of lipid A). These genes/loci could be pmrE 
that encodes a UDP-glucose dehydrogenase, or a region of antimicrobial peptide- 
resistance genes common to many enterobacteriaciae which could be involved in 
arninoarabinose synthesis and transfer. The gene pmrF that is present in this region 
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encodes a dolicol-phosphate manosyl transferase (Gunn J.S., Kheng, B.L., Krueger J., 
Kim K.,Guo L., HackettM., Miller S.L 1998. Mol Microbiol 27: 1171-1182). 

Mutations in the PhoP-PhoQ regulatory system, which is a phospho-relay two 
component regulatory system (f. i. PhoP constitutive phenotype, PhoP c ), or low Mg** 
environmental or culture conditions (that activate the PhoP-PhoQ regulatory system) 
lead to the addition of aminoarabinose on the ^-phosphate and 2-hydroxymyristate 
replacing myristate (hydroxylation of myristate). This modified lipid A displays 
reduced ability to stimulate E-selectin expression by human endothelial cells and 
TNF-cc secretion from human monocytes. 

Process d) involves the upregulation of these genes using a strategy as 
described in WO 01/09350 (published by WIPO on 8/2/01 and incorporated by 
reference herein). 

(e) a process of down-regulating synthesis of an antigen which shares a structural 
similarity with a human structure and may be capable of inducing an auto-immune 
response in humans 

The isolation of bacterial outer-membrane blebs from encapsulated Gram- 
negative bacteria often results in the co-purification of capsular polysaccharide. In 
some cases, this "contaminant" material may prove useful since polysaccharide may 
enhance the immune response conferred by other bleb components. In other cases 
however, the presence of contaminating polysaccharide material in bacterial bleb 
preparations may prove detrimental to the use of the blebs in a vaccine. For instance, 
it has been shown at least in the case of N. meningitidis that the serogroup B capsular 
polysaccharide does not confer protective immunity and is susceptible to induce an 
adverse auto-iimnune response in humans. Consequently, process e) of the invention 
is the engineering of the bacterial strain for bleb production such that it is free of 
capsular polysaccharide. The blebs will then be suitable for use in humans. A 
particularly preferred example of such a bleb preparation is one from N. meningitidis 
serogroup B devoid of capsular polysaccharide. 

This may be achieved by using modified bleb production strains in which the 
genes necessary for capsular biosynthesis and/or export have been impaired as 
described in WO 01/09350 (published by WIPO on 8/2/01 and incorporated by 
reference herein). A preferred method is the deletion of some or all of the Neisseria 
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meningitidis cps genes required for polysaccharide biosynthesis and export. For this 
purpose, the replacement plasmid pMF121 (described in Frosh et al.1990, Mol 
Microbiol 4:1215-1218) can be used to deliver a mutation deleting the cpsCAD (+ 
galE) gene cluster. Alternatively the siaD gene could be deleted, or down-regulated in 
expression (the meningococcal siaD gene encodes alpha-2,3-sialyltransferase, an 
enzyme required for capsular polysaccharide and LOS synthesis). Such mutations may 
also remove host-similar structures on the saccharide portion of the LPS of the 
bacteria. 

Combinations of methods a) - e) 

It may be appreciated that one or more of the above processes may be used to 
produce a modified strain from which to make improved bleb preparations of the 
invention. Preferably one such process is used, more preferably two or more (2, 3, 4, 
or 5) of the processes are used in order to manufacture the bleb vaccine. As each 
additional method is used in the manufacture of the bleb vaccine, each improvement 
works in conjunction with the other methods used in order to make an optimised 
engineered bleb preparation. 

A preferred meningococcal (particularly K meningitidis B) bleb preparation 
comprises the use of processes b), c) and e) (optionally combined with process a)). 
Such bleb preparations are safe (no structures similar to host structures), non-toxic, 
and structured such that the host immune response will be focused on high levels of 
protective (and preferably conserved) antigens. All the above elements woik together 
in order to provide an optimised bleb vaccine. 

Similarly for M. catarrhalis, non-typeable H. influenzae, gonococcus, and non 
serotype B meningococcal strains (e.g. serotype A, C, Y or W), preferred bleb 
preparations comprise the use of processes b) and c), optionally combined with 
process a). 

Preferred Neisserial bleb preparations 

One or more of the following genes (encoding protective antigens) are 
preferred for upregulation via process b) when carried out on a Neisserial strain, 
including gonococcus, and meningococcus (particularly K meningitidis B): NspA 
(WO 96/29412), Hsf-like (WO 99/31132), Hap (PCT/EP99/02766), PorA, PorB, 
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OMP85 (WO 00/23595), PilQ (PCT/EP99/03603), PldA (PCT/EP99/06718), FipB 
(WO 96/31618), TbpA (US 5,912,336), TbpB, FipA/FrpC (WO 92/01460), 
LbpA/LbpB (PCT/EP98/05117), FhaB (WO 98/02547), HasR (PCT/EP99/05989), 
lipo02 (PCT/EP99/08315), Tbp2 (WO 99/57280), MltA (WO 99/57280), and ctrA 
(PCT/EP00/0O135). They are also preferred as genes which may be heterologously 
introduced into other Gram-negative bacteria. 

One or more of the following genes are preferred for downregulation via 
process a): PorA, PorB, PilC, TbpA, TbpB, LbpA, LbpB, Opa, and Opc (most 
preferably PorA). 

One or more of the following genes are preferred for downregulation via 
process c): htrB, msbB and lpxK (most preferably msbB which removes only a single 
secondary acyl chain from the LPS molecule). 

One or more of the following genes are preferred for upregulation via process 
d): pmrA, pmrB, pmrE, and pmrF. 

One or more of the following genes are preferred for downregulation via 
process e): galE, siaA, siaB, siaC, siaD/ctrA, ctrB, ctrC, and ctrD (the genes are 
described in described in WO 01/09350 - published by WIPO on 8/2/01 and 
incorporated by reference herein). 

Many of the above open reading frames and upstream regions are described in 
WO 01/09350 (incorporated by reference herein). 

Preferred gonococcal genes to upregulate via process b) include one or more of 
the following: 

Neisseria gonorrheae lactoferrin receptor precursor (lbpA) gene, 

complete cds. 
ACCESSION U16260 
VERSION U16260.1 GI:915277 

Source: Neisseria gonorrhoeae/strain="FAl9" 
gene="lbpA"* nucleotides: 278. .3109 
prot ein_id= " AAC13780.1 " /dbjscref = "GI : 9152 7 8 n 

/ translation "MNKKHGFPLTLTALAIATAFPAYAAQAGAAALDAAQSQSLKEVT 
VRAAKVGRRSKEATGLGKIVKTSETLNM 

IRGVDKNRVAVSVDGVAQIQAFTVQGSLSGYGGRGGSGAINE IEYENI STVEIDKGAG 
SSDHGSGALGGAVAFRTKEAADLISDGKSWGIQAKTAYGSKNRQFMKSLGAGFSKDGW 
EGLL I RTERQGRETRPHGD I ADGVE YG IDRLDAFRQTYD I KRKTTE PFFLVEGENTLK 
PVAKLAGYGIYLNRQLNRWVKERIEQNQPLSAEEEAQWEAQARHENLSAQAYTGGGR 
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ILPDPMDYRSGSWLAKLGYRFGGRHYVGGVFEDTKQRyDIRDMTEKQYYGTDEAEKPR 

DKSGVYDGDDFRDGLYFVPSTIEEWKGDKN^^ 

YENEKYSDNWADKAVLSFDKQGVATDNNTLKLNCAW 

RFHYREQHNVLNAS FEKSLKNKWTKHHLTLGFGYDAS KAVSRPEQLSHNAARI SESTG 
FDEKNQDKYRLGKPEVVEGSVCGYIETLRSRKCVPRKINGSNIHISLNDRFSIGKyFD 
FSLGGRYDRKNFTTSEELWSGRYADRS WNS GIVFKPNRHF SVS YRAS SGFRTPSFQE 
LFG IDI YHDYPKGWQRPALKS EKAANRE IGLQWKGDFGFLE I S S FRNRYTDM IAVADQ 
KTKLPDSAGRLTEIDIRDYYNAQl^SLQGINI 

KPKSVSNRPDLSLRSYAIiDAVQPSRYVLGFGYDQPEGKWGANIMLTYSKGKNPDELAY 

LAGDQKRYSAGRVTS S WKTAD VSAYLNLKKRLTLRAAI YNIGNYRYVTWESLRQTAE S 

TANRHGGDSNYGRYAAPGRNFSLALEMKF » 



1 ctcgggataa cggcatcaat ctttcgggaa atggttcgac taatcctcaa agtttcaaag 
61 ccgacaatct tcttgtaacg ggcggctttt acggcccgca ggcggcggaa ttgggcggca 
121 ctattttcaa taaggatggg aaatctcttg gtataactga agatattgaa aatgaagttg 
181 aaaatgaagc tgatgttggc gaacagttag aacctgaagt taaaccccaa ttcggcgtgg 
241 tattcggtgc gaagaaagat aataaagagg tggaaaaat^ aataagaaac acggttttcc 
301 gctgactttg acggcgttgg ccattgcaac_cgcttttccg gcttatgctg cccaagcggg 
361 ggcggcggca cttgatgcgg cgcaaagtca^ atcattgaaa gaggttaccg tccgtgccgc 
421 caaagtggga cggcgatcga aagaggcgac aggtttgggc aaaatcgtca aaacgtcgga 
481 aacgttgaac aaagaacagg tactcggtat ccgcgacctg acgcgctacg atccgggcgt 
541 ggcggttgtc gaacagggca acggcgcgag cggcggctac tcgatacgcg gcgtagataa 
601 aaaccgtgtg gcggtttcgg ttgacggcgt tgcccaaata caggcgttta ccgtgcaggg 
661 atcgttgagc ggatacggcg gacgcggcgg cagcggcgca atcaacgaaa tcgaatatga 
721 aaacatcagc acggtggaaa tcgacaaagg cgccggttcg tccgatcacg gcagcggcgc 
781 actcggcggc gcggtcgcct tccgcaccaa agaggcggca gacctgattt cagacggcaa 
841 aagctggggg atacaggcaa aaaccgctta cggcagtaaa aaccgccaat ttatgaagtc 
901 gctcggcgcg gggttcagca aagacggttg ggaagggctg ctaatccgaa ccgaacgcca 
961 agggcgggaa acgcgcccgc acggcgatat tgcggacggg gtggaatacg gcatagaccg 
1021 tttggacgcg ttccgccaga catacgatat taaacgcaag acaacagagc catttttctt 
1081 agtagagggc gagaatacac tcaagcccgt ggcaaaattg gcgggctacg ggatatattt 
1141 gaaccgccag ctcaaccgct gggtaaaaga acgtattgaa caaaatcagc ctttaagtgc 
1201 tgaagaagag gcgcaggtgc gggaggcgca ggcgcgccac gaaaacctgt ccgcccaagc 
1261 ctacacgggc ggcggcagga tattgcccga tccgatggat taccgcagcg gctcttggct 
1321 tgccaagctg ggctaccgct tcggcggcag gcattatgtc ggcggcgtgt ttgaggatac 
1381 caaacagcgt tacgacatcc gcgatatgac ggaaaaacag tattacggta cggacgaggc 
1441 ggaaaagttt agagacaaga gcggggtgta cgacggcgac gatttccgcg acggcttgta 
1501 ttttgtgccg aatatagaag agtggaaggg cgataaaaat ttggtcaagg gcataggttt 
1561 gaaatattcc cgcaccaaat ttattgacga acatcaccgc cgccgccgta tgggtttgct 
1621 gtaccgttat gaaaatgaga aatactcgga caactgggcg gataaggcgg tgttgtcgtt 
1681 tgacaaacag ggcgtggcaa ccgacaacaa cacgctgaag ctgaattgcg ccgtgtatcc 
1741 tgccgtggac aaatcctgcc gcgcgtcggc ggacaaaccg tattcctacg acagcagcga 
1801 ccgtttccac taccgcgaac agcacaatgt tttgaatgcc tcgtttgaga agtcgctgaa 
1861 aaacaaatgg acgaaacacc atctgacttt gggcttcggt tacgatgctt ccaaagcagt 
1921 atcccgccca gaacagcttt cccacaatgc ggcaaggatt tcggaatcca cgggattcga 
1981 tgaaaagaat caagataagt accgtttggg taagcccgaa gtcgtcgaag ggtcggtctg 
2041 cggctatatc gaaaccctgc gttcccgcaa atgcgtgcca agaaaaatca acggcagcaa 
2101 tatccacatt tctttgaacg accgtttttc aatcggcaaa tattttgatt tcagcttggg 
2161 cggcaggtac gaccggaaaa acttcaccac gtcggaagaa ctcgtccgca gcgggcggta 
2221 tgccgaccgt tcgtggaaca gcggcatcgt gttcaaaccg aaccggcatt tttccgtgtc 
2281 ttaccgcgcc tccagcggct tcagaacgcc ttccttccaa gaacttttcg ggatagacat 
2341 ttatcacgat tatccgaaag gctggcagcg tcccgccctg aaatcggaaa aggcagccaa 
2401 ccgggaaatc ggtttgcagt ggaagggcga tttcggcttt ttggaaatca gcagtttccg 
2461 caaccgttat accgatatga ttgccgttgc cgatcaaaaa accaaattgc cggattcagc 
2521 aggacgattg acagagattg atatacgcga ttattacaat gcccaaaata tgtcgcttca 
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2581 aggcatcaac atcttgggga aaatcgactg 
2641 cctgtacacc acattggcgt acaaccgtat 
2701 cttgtccctc cgcagctatg ctttggatgc 
2761 cggatacgac cagcccgagg ggaaatgggg 
2821 gaaaaaccct gacgagcttg cttatctggc 
2881 ggttacgtct tcttggaaaa cggcagatgt 
2941 gaccttgagg gcggctatct acaatatcgg 
3001 gcgccagact gcggaaagca cggcaaaccg 
3061 tgccgcaccg ggcaggaact tcagcctcgc 
3121 tctggaagct tgatctgcac cccaaaagtc 
3181 gtttttttga ttcaatataa acaagatttc 
3241 gacattcaat gctaaggcaa tttatcggaa 



gaacggcgta tacggcaaac tgcccgaagg 
caaaccgaaa tcggtatcca accggccgga 
ggtacagccg tcgcgttatg ttttggggtt 
cgcaaacatt atgctgacct attccaaagg 
aggcgatcaa aaacgatatt cggcaggaag 
ttccgcttat ctgaatctga aaaaacggct 
caactaccgc tacgttactt gggaatcctt 
gcacggcggc gacagcaact atggaaggta 
gctcgaaatg aagttttaaa ggaaatgccg 
ggactaaacc gccaactgat taaggtgcag 
cgccgtcatt cccgcgcagg cgggaatccg 
atgactgaaa ctcaaaaaac cggattccca 



Neisseria gonorrhoeae lactoferrin binding protein B precursor. 

Source: Neisseria gonorrhoeae "/strain=>"FAl 9» 

ACCESSION AAD08809 

PID g4 1063 93 

VERSION AAD08809.1 GI:4106393 

/gene="lbpB" coding sequence: 1..728, "AF072890. 1:310 . .2496" 

1 mrklnyygia llplmlascg gnfgvqpwe stptaypvtf kskdvptspp paepsvettp 
61 vnrpavgaam rllrmtafh redgtaipds kqaeeklsfk egdvlflygs kgnklqqlks 
121 eihkrdsdve irtsekenkk ygyefvdagy vytkngkdei eqnsggkrft hrfgydgfvy 
181 ysgerpsqsl psagtvkyfg nwqymtdakr hrtgkavasd dlgyitfygn digatsyaak 
241 daddrekhpa eytvdfdkki lkgeliknqy vqkkndpkkp ltiynitadl ngnrftgsak 
301 vntevktrha dkeylf fhtd adqrleggff gdngeelagr fisndngvfg vfagkqktna 
361 sgtnpampfg khtkildslk isvdeatden prpfevstmp dfghpdkllv egreiplvsk 
421 ektidladgr kmtvsaccdf ltyvklgrik terpavkpka qdeedsginn geesedeeei 
481 aeesedevse ddngededei veeeadeaee ieeeaeeeep eeespeegng vsdgippape 
541 alkgrdidlf Ikgirtaead ipktgtahyt gtwearigep iqwdnkadka akaefdvdfg 
601 nksisgtlte qngvepafri engviegngf hptartrdng inlsgngstn pqsfkadnll 
661 vtggfygpqa aelggtifnk dgkslgited ienevenead vgeqlepevk pqfgwfgak 
721 kdnkevek 

Neisseria gonorrhoeae trans ferrin-binding protein A (tbpA) gene, complete 
cds . 

ACCESSION AF241227 

VERSION AF241227.1 GI : 9719361 

source :Neisseria gonorrhoeae/strain^'PghS^ 1 ' 

gene n tbpA" coding sequence: 223.. 2946 
/protein_id= " AAF97766.1 " 
/db_xref = "GI : 97193 62 " 

/ translations "MQQQHLFRFNILCLSLMTALPAYAENVQAGQAQEKQLDTIQVKA 
KKQKTRRDNE VTGLGKLVKTADTLS KEQVLD IRDLTRYDPGIAWEQGRGASSG YS IR 
GMDKNRVSLTVDGLAQ IQS YTAQAALGGTRTAGS SGAINE IE YENVKAVEI S KGSNS V 
EQGSGAIjAGS VAFQTKTADDVIGEGRQWG IQS KTAYSGKNRGLTQS IALAGRI GGAEA 
LLIRTGRHAGEIRAHEAAGRGVQSFNRLAPVEDGSDYAYFVVEGECPDGYAACKDKPK 
KDWGEDKRQWSTRDYTGPNRFLADPLSYESRSWLFRPGFRFENKRHYIGGILERTQ 
QTFDTRDMTVPAFLTKAVFDANSKQAGSLRGNGKYAGNHKYGGLFTNGENNAPVGAEY 
GTGVFYDETHTKSRYGLEYVYTNADKDTWADYARLSYDRQGIGLDNHFQQTHCSADGS 
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DKyCRPSADKPFSYYKSDRVIYGESHRLLQAAFKKSFDTAORHNLSWLGYDRFGSN 

LRHQDYYYQSANRAYSLKTPPQNNGKKTSPYWSIGRGOT 

RSINGKSYYAAVRDNVRLGRWADVGAGLRY^ 

KPADWLDLTYRTSTGFRLPS FAEMYGWRSGDKI KAVKIDPEKS FNKEAGI VFKGDFGN 

LEASWFDNAYRDLIVRGYEAEIKNGKEQAKGAPAYLNAQSARITGINILGKIDWNGVW 

DKLPEGWYSTFAYNRWVRDIKKRADRTDIQSHLFDAIQPSRYVVGSGYDQPEGKWGV 

NGMLTYS KAKE I TELLG S RALLNGNS RNTKATARRTRPW Y I VDVS G YYTVKKHFTLRA 

GVYNLLNHRYVTWENVRQTAAGAW .1 

1 cgaagagttg ggcggatggt ttgcctatcc gggcaatgaa caaacgaaaa atgcgcaagc 

61 ttcatccggc aatggaaatt cagcaggcag cgcgaccgtg gtattcggtg cgaaacgcca 
121 aaagcttgtg caataagcac ggctgccgaa caatcgagaa taaggcttca gacggcatcg 
181 ttcctgccga ttccgtctga aagcgaagat tagggaaaca ctatgcaaca gcaacatttg 
241 ttccgattca atattttatg cctgtcttta atgactgcgc tgcccgctta tgcagaaaat 
301 gtgcaagccg gacaagcaca ggaaaaacag ttggacacca tacaggtaaa agccaaaaaa 
361 cagaaaaccc gccgcgataa cgaagtaacc ggtttgggca aattggtcaa aaccgccgac 
421 acactcagca aagaacaggt actcgacatc cgcgacctga cgcgttacga ccccggcatc 
481 gccgtcgtcg aacaggggcg cggcgcaagc tcgggctact cgatacgcgg tatggacaaa 
541 aaccgcgtct ccttgacggt ggacggcttg gcgcaaatac agtcctacac cgcgcaggcg 
601 gcattgggcg ggacgaggac ggcgggcagc agcggcgcaa tcaatgaaat cgagtatgaa 
661 aacgttaagg ctgtcgaaat cagcaaaggc tcaaactcgg tcgaacaagg cagcggcgca 
721 ttggcgggtt cggtcgcatt tcaaaccaaa accgcagacg atgttatcgg ggaaggcagg 
781 cagtggggca ttcagagtaa aaccgcctat tccggcaaaa accgggggct tacccaatcc 
841 atcgcgctgg cggggcgcat cggcggtgcg gaggctttgc tgatccgcac cggccggcac 
901 gcgggggaaa tccgcgccca cgaagccgcc ggacgcggcg ttcagagctt taacaggctg 
961 gcgccggttg aagacggcag tgactatgcc tattttgtgg tcgaaggaga atgccctgat 
1021 ggatatgcgg cttgtaaaga caaaccgaaa aaagatgttg tcggcgaaga caaacgtcaa 
1081 acggtttcca cccgagacta cacgggcccc aaccgcttcc ttgccgatcc gctttcatac 
1141 gaaagccggt cgtggctgtt ccgcccgggt tttcgttttg agaataagcg gcactacatc 

12 01 ggcggcatac tcgaacgcac gcaacaaact ttcgacacgc gcgatatgac ggttccggca 
1261 ttcctgacca aggcggtttt tgatgcaaat tcaaaacagg cgggttcttt gcgcggcaac 
1321 ggcaaatacg cgggcaacca caaatacggc gggctgttta ccaacggcga aaacaatgcg 

13 81 ccggtgggcg cggaatacgg tacgggcgtg ttttacgacg agacgcacac caaaagccgc 
1441 tacggtttgg aatatgtcta taccaatgcc gataaagaca cttgggcgga ttatgcccgc 
1501 ctctcttacg accggcaggg catcggtttg gacaaccatt ttcagcagac gcactgttct 
1561 gccgacggtt cggacaaata ttgccgcccg agtgccgaca agccgttttc ctattacaaa 
1621 tccgaccgcg tgatttacgg ggaaagccac aggctcttgc aggcggcatt caaaaaatcc 
1681 ttcgataccg ccaaaatccg ccacaacctg agcgtgaatc tcggttacga ccgcttcggc 
1741 tctaatctgc gccatcagga ttattattat caaagtgcca accgcgccta ttcgttgaaa 
1801 acgccccctc aaaacaacgg caaaaaaacc agcccctatt gggtcagcat aggcagggga 
1861 aatgtcgtta cggggcaaat ctgccgctcg ggcaacaata cttatacgga ctgcacgccg 
1921 cgcagcatca acggcaaaag ctattacgcg gcggtccggg acaatgtccg tttgggcagg 
1981 tgggcggatg tcggcgcggg cttgcgctac gactaccgca gcacgcattc ggacgacggc 
2041 agcgtttcca ccggcacgca ccgcaccctg tcctggaaca ccggcatcgt cctcaaacct 
2101 gccgactggc tggatttgac ttaccgcact tcaaccggct tccgcctgcc ctcgtttgcg 
2161 gaaatgtacg gctggcggtc gggcgataaa ataaaagccg tcaaaatcga tccggaaaaa 
2221 tcgttcaaca aagaagccgg catcgtgttt aaaggcgatt tcggcaactt ggaggcaagt 
2281 tggttcgaca atgcctaccg cgatttgatt gtccggggtt atgaagcgga aattaaaaac 
2341 ggcaaagaac aagccaaagg cgccccggct tacctcaatg cccaaagcgc gcggattacc 
2401 ggcatcaata ttttgggcaa aatcgattgg aacggcgtat gggataaatt gcccgaaggt 
2461 tggtattcta catttgccta taatcgtgtc cgtgtccgcg acatcaaaaa acgcgcagac 
2521 cgcaccgata ttcaatcaca cctgtttgat gccatccaac cctcgcgcta tgtcgtcggc 
2581 tcgggctatg accaaccgga aggcaaatgg ggcgtgaacg gtatgctgac ttattccaaa 
2641 gccaaggaaa tcacagagtt gttgggcagc cgggctttgc tcaacggcaa cagccgcaat 
2701 acaaaagcca ccgcgcgccg tacccgccct tggtatattg tggatgtgtc cggttattac 
2761 acggttaaaa aacacttcac cctccgtgcg ggcgtgtaca acctcctcaa ccaccgctat 
2821 gttacttggg aaaatgtgcg gcaaactgcc gccggcgcag tcaaccaaca caaaaatgtc 
2 881 ggcgtttaca accgatatgc cgcccccggc cgcaactaca catttagctt ggaaatgaag 
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2941 ttctaaacgt ccgaacgccg caaatgccgt ctgaaaggct tcagacggcg ttttttacac 
3001 aatccccacc gtttcccatc cttcccgata caccg 



Neisseria gonorrhoeae strain UU1008 trans f err in-binding protein 2 

(tbpB) gene, complete cds . 
ACCESSION U65222 
VERSION U65222.1 GI:2286066 

Source: Neisseria gonorrhoeae/strain="UUi008" 
gene="tbpB" coding sequence: 1..2052 
/protein_id= " AAB64243 .1 " 
/dbjxref ="GI : 2286067" 

/ t r ans 1 a t i on= " MNNPL VNQAAMVL P VFLLS ACLGGGGS FDLDS VDTEAPRAAPKY 

QDVPSKKPEARKIDQGGYGFAMRFKRRNWYRAANENEVKLKESDWEQTO 

KNI INALPGNEGELLQDSSQQGKGTSKVRDHHDFK^ 

IEARSGPDGYIFYKGRNPSRKLPVSGEVTYKGTWDFLTDVKANQKFTDLGNASTKSGD 

QYSAFSGELDYIVKKEEDKKEKHKGIiGLTTEITVDFEKKTLIGKL 

TTQYYS LE AQVTGNRFSGKAMATEKGENKQHPFVSDS SS LSGGFFGPQGEELGFRFIiS 

DDGKVAWGSAKTKDETASSGGTSGGASVSTSNGAAGTSSENKLTTVLDAVELTPNGK 

KIKDLDNFSNAAQLVVIX3IMIPLLPKDSESGGSHTDKGENGKTAFIYETTYTPESDKE 

DAQTGMATNGVQTVSNTAGGTSGKTKTHYEVQACCSNIiNYLKYGLLTR 

GQVEQSMFLQGERTDEKEIPQEQNVVYSGTWYGHIATNGTSWTREASDQENGNRA^ 

VNFKDKRI TGTLTAENRS EATFT I EAMIEGNGFKGTAKTGNGGFAPD QNS S TGTHKVH 

ITNAAVQGGFYGPNAEEIiGGWFAYPGNGQTKNAQTSSGNGNSAGSATWFGAKRQQLV 

K" 

1 atgaacaatc cattggtgaa tcaggctgct atggtgctgc ccgtgttttt gttgagcgct 

61 tgtctgggcg gaggcggcag tttcgatctt gattctgtcg ataccgaagc cccgcgtgcc 
121 gcgccaaagt atcaagatgt tccttccaaa aaaccggaag cccgaaaaga ccaaggcgga 
181 tacggtttcg cgatgcgctt caagcggcgg aattggtatc gggcggcaaa cgaaaacgag 
241 gttaaactga aagagagtga ttgggaacaa acggatgatg atgagatcaa aaaccctttc 
301 aaacaaaaaa atattattaa tgccttacct ggaaatgagg gggaattatt gcaagattcc 
361 agtcaacaag gtaagggtac atctaaggtt agggaccatc acgattttaa atacgtatgg 
421 tcgggttttt tttataaacg gattaagatt acaactaaaa aagacgaatc tcataaaata 
481 atcgaagcca gaagcggtcc tgacggttat attttttata aaggcagaaa tccctcgaga 
541 aaacttcctg tttcagggga ggttacgtac aaaggtactt gggatttttt aactgatgtg 
601 aaagcaaatc agaaatttac agatttagga aatgcttcta cgaaatccgg agaccaatat 
661 agtgcttttt ccggggagtt ggattatata gtcaaaaaag aggaggataa aaaagaaaag 
721 cacaaaggtt tgggattaac aacggaaata acggttgatt ttgagaaaaa aaccctgatc 
781 ggaaaattaa ttaaaaacaa catgttaatc aataataaca ctaaacccac cacccaatat 
841 tacagccttg aggctcaagt aacaggcaac cgcttcagcg gcaaggcgat ggcaaccgaa 
901 aaaggcgaaa acaaacaaca tccctttgtt tccgactcgt cttctctgag cggcggcttt 
961 ttcggcccgc agggtgagga attgggtttc cgctttttga gcgacgatgg aaaagttgcc 
1021 gttgtcggca gcgcgaaaac caaagacgaa accgcaagca gtggcggcac ttcgggcggt 
1081 gcaagcgttt ccacatcaaa cggtgcggca ggcacgtcgt ctgaaaacaa gctgaccacg 
1141 gttttggatg cggttgaatt gacaccaaac ggcaagaaaa tcaaagatct cgacaacttc 
1201 agcaacgccg cccaactggt tgtcgacggc attatgattc cgctcctgcc caaggattcc 
1261 gaaagcgggg gcagtcatac agataaaggt gaaaacggca aaacagcctt tatctacgaa 
1321 acaacctaca cgccggaaag tgataaagaa gacgctcaaa caggtatggc gaccaatggc 
13 81 gtgcaaaccg tttcaaatac ggcaggcggc acaagtggca aaacaaaaac ccattatgaa 
1441 gtccaagcct gctgttccaa cctcaattat ctgaaatacg ggttgctgac gcgtaaaaac 
1501 agtagtcaag ctgacgctaa aatgggacaa gttgaacaaa gtatgttcct ccaaggcgag 
1561 cgcaccgatg aaaaagaaat tccacaagaa caaaatgtcg tttattcagg cacttggtac 
1621 gggcatattg ccaccaacgg cacaagttgg acccgcgaag cctccgatca ggaaaatggt 
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1681 aatcgggcaa attttgacgt gaatttcaaa 
1741 gaaaacaggt cggaggcaac ctttaccatt 
1801 ggtacggcga aaaccggtaa tggcggcttt 
1861 cataaagtgc acatcacaaa tgccgcggtg 
1921 gagttgggcg gttggtttgc ctatccgggc 
1981 tccggcaatg gaaattcagc aggcagcgcg 
2041 cttgtgaaat aa 



gacaaaagaa ttaccggcac gttaaccgct 
gaagccatga ttgagggcaa cggctttaaa 
gcgccggatc aaaacagcag caccggtaca 
cagggcggtt tttacgggcc taacgccgaa 
aatggacaaa cgaaaaatgc gcaaacttca 
accgtggtat tcggtgcgaa acgccaacag 



Neisseria gonorrhoeae pilus biogenesis gene cluster, pilO, pilp and 
pilQ genes, complete cds. 

ACCESSION U40596 

VERSION U40596.1 GI: 1173872 

source : Neisseria gonorrhoeae / s t rain= " MS 1 1 " 

gene="pilO" coding sequence 22.. 669 

/protein_id= " AAC43601.1 " 

/db_xref = M GI : 1173873 " 

/ translation " MAS KS S KTNLDLNNLHLLNLPARLF I ALLVVAAVLGLG YAGL F K 

SQMESLEE YEAKETELKNTYKQKS IDAASLNNLRDELAS IRSAFDIMLKQLPTDAE I P 

NLVQELHQAGS SNGLRLDS VMPQPPVDDGPIKKLPYS IS ITGNYEQISQFTRDVGSLS 

RIITLESLKIAQSPENGGNPDGKSSILNLSAIATTYQAKSIEELAAEAAQNAEQK" 
gene="pilp» coding sequence 687.. 1229 
/protein_id= " AAC436Q2.1 » 
/dbjxref= M GI : 1173 874" 

/ translation "MKHYALLISFLALSACSQSSEDLNEWMAQTRREAKAEIIPFQAP 

TLPVAPVYSPPQLTGPNAFDFRRMETAKKGENAPDTKRIKETLEKFSLENMRYVGILK 

SGQKVSGFIEAEGYVYTVGVGNYLGQNYGRIES ITODS I ILNELIEDSTGNWVSRKAE 

LIiLNSSDKNTEQAAQPEEQN " 
gene="pilQ" coding sequence 1248.. 3410 
/protein_id= n AAC43603.1 " 
/dbjxref»»GI: 1173875" 

/ trans 1 at ion = " MNTKLTIQ ISGLFVATAAFQTASAGNITDIKVSSLPNKQKIVKV 

SFDKEIVNPTGFVTSSPARIALDFEQTGISMDQQVLEYADPLLSKISAAQNSSRARLV 

LNLNKPGQYNTEVRGNKWIFINESDDTVSAPARPAVKAAPAAPAK 

SVSAPFSPAKQQAAASAKQQAATPAKQTNIDFRKDGKNAGIIELAALGFAGQPDISQQ 

HDHI I VTLKNHTLPTALQRSLDVADFKTP VQKVTLKRLNNDTQLI ITTTGNWELVNKS 

AAPGYFTFQVLPKKQNLESGGVNNAPKTFTGRKISLDFQDVEIRTILQILAK^ 

VASDSVSGKMTLSLKDVPWDQALDLWQARNLDMRQQGNrVNMAPRRAACQRQSLLTS 

GKRHCRSGRAVF PKLP IE IQKCGRIPQHPALDNADTTGNRNTLVSGRGS VLIDPATNT 

L I VTDTRS VI E KFRKL IDELD VP AQQVM I EAR I VE AADG FS RDLG VKFGATGRKKL KN 

ETSAFGWGVNSGFGGGDKWEAKPKSTCRLPCRKQHFAGARDFSGAIiNLELSASESLSK 

TKTLANPRVLTQNRKEAKIE SGYE I PFTVTTRSGGGNSTNTELKKAVLGLTVTANI TP 

DGQIlMTVKINKDSPRQCASGNNTILCISTKSLNTQAMVENGGTIiIVGGIYEE 

LTKVPLLATSPLSATSLKHSGKNRPPRTADFQLPPREL " 
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1 aaacgcacag gaggaaactg aatggcttct aaatcatcta aaaccaactt ggatctcaac 
61 aaccttcacc tgctcaacct tcctgccagg ctttttatcg ccctgctggt cgttgccgcc 
121 gtgctggggc tcggttatgc cggattgttc aaaagccaga tggaatccct tgaggaatat 
181 gaagcaaaag aaaccgaact gaaaaacacc tacaaacaga aaagtatcga cgcggccagc 
241 ctgaacaacc ttagggacga acttgcctca atccgctctg ccttcgatat catgttgaaa 
301 cagctgccga cagatgcaga aattcccaat ttggttcaag agcttcatca ggcgggttcg 
361 agcaacggtc tgcgcttgga cagcgttatg ccccaacctc ccgtagatga cggtcccatc 
421 aaaaaattac cctattccat ttccattacc ggaaattacg aacagatcag ccaatttacc 
481 cgcgatgtcg gcagtctctc ccgaatcatt acccttgagt cgctgaaaat cgcccaatct 
541 ccggaaaacg gcggcaatcc tgacggcaag agcagtatcc tgaacctcag cgccattgcc 
601 accacctacc aagcaaaatc catagaagag cttgccgcag aagcggcaca aaatgccgag 
661 caaaaataac ttacgttagg gaaaccatga aacactatgc cttactcatc agctttctgg 
721 ctctctccgc gtgttcccaa agttctgaag acctaaacga atggatggca caaacgcgac 
781 gcgaagccaa agcagaaatc atacctttcc aagcacctac cctgccggtt gcgccggtat 
841 acagcccgcc gcagcttaca gggccgaacg cattcgactt ccgccgcatg gaaaccgcca 
901 aaaaagggga aaatgccccc gacaccaagc gtattaaaga aacgctggaa aaattcagtt 
961 tggaaaatat gcgttatgtc ggcattttga agtccggaca gaaagtctcc ggcttcatcg 
1021 aggctgaagg ttatgtctac actgtcggtg tcggcaacta tttgggacaa aactacggta 
1081 gaatcgaaag cattaccgac gacagcatca tcctgaacga gctgatagaa gacagcacgg 
1141 gcaactgggt ttcccgtaaa gcagaactgc tgttgaattc ttccgacaaa aacaccgaac 
1201 aagcggcaca gcctgaggaa caaaattaag aagaggatta ctccattatg aataccaaac 
1261 tgacaaaaat catttccggt ctctttgtcg caaccgccgc ctttcagacg gcatcggcag 
1321 gaaacattac agacatcaaa gtttcctccc tgcccaacaa acagaaaatc gtcaaagtca 
1381 gctttgacaa agagattgtc aacccgaccg gcttcgtaac ctcctcaccg gcccgcatcg 
1441 ccttggactt tgaacaaacc ggcatttcca tggatcaaca ggtactcgaa tatgccgatc 
1501 ctctgttgag caaaatcagt gccgcacaaa acagcagccg tgcgcgtctg gttctgaatt 
1561 tgaacaaacc gggccaatac aataccgaag tacgcgggaa caaagtttgg atattcatta 
1621 acgaatcgga cgataccgtg tccgcccccg cccgcccagc cgtaaaagcc gcgcctgccg 
1681 caccggcaaa acaacaggct gccgcaccgt ttaccgagtc cgtagtatcc gtatccgcac 
1741 cgttcagccc ggcaaaacaa caggcagcgg catcggcaaa acaacaggcg gcgacaccgg 
1801 caaaacaaac caatatcgat ttccgcaaag acggcaaaaa tgccggcatt atcgaattgg 
1861 cggcattggg ctttgccggg cagcccgaca tcagccaaca gcacgaccac atcatcgtta 
1921 cgctgaaaaa ccataccctg ccgaccgcgc tccaacgcag tttggatgtg gcagacttca 
1981 aaacaccggt tcaaaaggtt acgctgaaac gcctcaataa cgacacccag ctgattatca 
2041 caacaaccgg caactgggaa ctcgtcaaca aatccgccgc gcccggatac tttaccttcc 
2101 aagtcctgcc gaaaaaacaa aacctcgagt caggcggcgt gaacaatgcg cccaaaacct 
2161 tcacaggccg gaaaatctcc cttgacttcc aagatgtcga aatccgcacc atcctgcaga 
2221 ttttggcaaa agaatccggg atgaacattg ttgccagcga ctccgtcagc ggcaaaatga 
2281 ccctctccct caaagacgta ccttgggatc aggctttgga tttggttatg caggcgcgca 
2341 acctcgatat gcgccagcaa gggaacatcg tcaacatggc cccgcgacga gctgcttgcc 
2401 aaagacaaag ccttcttaca agcggaaaaa gacattgccg atctgggcgc gctgtattcc 
2461 caaaacttcc aattgaaata caaaaatgtg gaagaattcc gcagcatcct gctttggaca 
2521 atgccgacac gaccggaaac cgcaacacgc ttgtcagcgg caggggcagc gtgctgatcg 
2581 atcccgccac caacaccctg attgttaccg atacccgcag cgtcatcgaa aaattccgca 
2641 aactgattga cgaattggac gtacccgcgc aacaagtgat gattgaggcg cgtatcgtcg 
2701 aagcggcaga cggcttctcg cgcgatttgg gcgttaagtt cggcgcgaca ggcaggaaaa 
2761 aactgaaaaa tgagacgagc gcattcggct ggggcgtgaa ctccggcttc gggggcggcg 
2821 ataaatggga ggccaaacca aaatcaacct gccggttgcc gtgccgcaaa cagcatttcg 
2881 ctggtgcgcg cgatttctcc ggcgcgttga atttggaatt gtccgcatcc gagtcgcttt 
2941 caaaaaccaa aacgcttgcc aatccgcgcg tgctgaccca aaaccgcaaa gaggccaaaa 
3001 tcgaatccgg ttacgaaatt ccttttaccg taactacacg ctcgggcggc ggcaactcta 
3061 ccaacacgga actcaaaaaa gccgtcttgg ggctgaccgt tacggcgaac atcacgcccg 
3121 acggacaaat catcatgacc gtcaaaatca acaaagactc gcctcgacaa tgtgcttcag 
3181 gcaacaacac aatcctatgt atttcgacca aaagcctgaa tacgcaggct atggttgaaa 
3241 acggcggcac tttgattgtc ggcggtattt atgaagaaaa caacggcaat acgctgacca 
3301 aagtccccct gttggctaca tccccgttat cggcaacctc tttaaaacac tcgggaaaaa 
3361 accgaccgcc gcgaactgct gattttcaat tacccccgag ggaattatag atacggcgca 
3421 acagcctgcg ctattgatgc gtcaaaataa gggcatatgt tttacagcat atgccctttc 
3481 tttatgcttt ttgccgcgac cgaaatgccg tcattcccgc gagcgaatcc aacttgtccg 
3541 gtttcggttg tttttcgtct cgtaactttt gagccgfccat tcccgcgaaa tcggaaatcc 
3601 agtccgttca gtttcggtca tttccgataa attcctgttg cttttcattt ctagattccc 
3661 actttcgtgg aataacggcg gaagggataa atcctcgcaa tccaaagcct gctcatttcc 
3721 acaaaaaaca gcaacccgaa acaccccgtc attcccgagc aggcggaatc tagaaccgca 
3781 acgccaggaa tctgtcggat acggctgaaa ccgaacgact ggattcccg 
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Neisseria gonorrhoeae outer membrane protein gene, complete cds 

ACCESSION U52069 

VERSION U52069.1 GI: 1808968 

source Neisseria gonorrhoeae/strain="B2 n 

Gene "NspA" coding sequence : 141.. 665 

/protein_id= " AAB41581.1 " 

/db_xref=»GI:1808969" 

/ trans lation= " MKKAIAALIALALPAAAIiAEGASGFYVQADAAHAKASSSLGSAK 

GFSPRI S AGYRINDLRFAVDYTRYKNYKAPSTDFKLYS I GASVI YDFDTQS PVKPYFG 

ARLSLNRASAHLGGSDSFSKTSAGLGVLAGVSYAVTPNVDIjDAGYRYNYV 

VRSGELSAGVRVKF " 

1 cggcaaagca gccggatgcc gccgcgtatc ttgaggcatt gaaaatatta cgatgcaaaa 
61 agaaaatttc agtataatac ggcaggattc tttaacggat tattaacaat ttttctccct 
121 gaccataaag gaaccaaaat atgaaaaaag cacttgccgc actgattgcc ctcgcactcc 
181 cggccgccgc actggcggaa ggcgcatccg gcttttacgt ccaagccgat gccgcacacg 
241 ccaaagcctc aagctcttta ggttctgcca aaggcttcag cccgcgcatc tccgcaggct 
301 accgcatcaa cgacctccgc ttcgccgtcg attacacgcg ctacaaaaac tataaagccc 
361 catccaccga tttcaaactt tacagcatcg gcgcgtccgt catttacgac ttcgacaccc 
421 aatcgcccgt caaaccgtat ttcggcgcgc gcttgagcct caaccgcgct tccgcccact 
481 tgggcggcag cgacagcttc agcaaaacct ccgccggcct cggcgtattg gcgggcgtaa 
541 gctatgccgt taccccgaat gtcgatttgg atgccggcta ccgctacaac tacgtcggca 
601 aagtcaacac tgtcaaaaac gtccgttccg gcgaactgtc cgccggcgtg cgcgtcaaat 
661 tctgatatac gcgttattcc gcaaaccgcc gagccttcgg cggttttttg 
Neisseria gonorrhoeae outer membrane protein (omp85) gene, complete 
cds . 

ACCESSION U81959 

VERSION U81959.1 GI: 1766041 

Source: Neisseria gonorrhoeae/strain="FA19" 
gene= n omp85 M coding sequence 1. .2379 
/protein_id=" AAC17600 . 1 " 
/db_xref = "GI : 1766042 " 

/ trans lation= "MKLKQIASALMMLGISPLAFADFTIQDIRVEGLQRTEPSTVFNY 
LPVKVGDTYNDTHGSAIIKSLYATGFFDDWVETADGLIiLLWIVCPTIGSLNITGAK 
MLQNDAIKKinjESFGLAQSQYFNQATLNQAVAGLK^ 

RVDIDITIDEGKSAKITDIEFEGNQVYSDRKLMRQMSLTEGGIWTWIiTRSDRFDRQKF 
AQDMEKVTDFYQNNGYFDFRILDTDIQTNEDKTRQTIKITVHEGG 
NEVPKAELEKLLTMKPGKWYERQQMTAVLGE IQNRMGSAGYAYSE I SVQPLPNAGTKT 
VPFVLH I EPGRKI YVNE IHI TGNNKTRDEVVRRELRQME S AP YDTS KLQRS KERVELL 
GYFDNVQFDAVPI^GTPDKVDLNMSLTERSTGSIiDLSAGWVQDTGLVMSAGVSQDNLF 
GTGKS AALRASRS KTTLNGSLS FTDP YFTADGVSLGYD I YGKAFDPRKASTS VKQYKT 
TTAGGGA/RMGIPVTEYDRVNFGLAAEHLTVNTYNKAPKRYADFIKQYGKTD 
GLLYKGTVGWGRNKTDS ALWPTRGYLTGVNAE I ALPGSKLQYYSATHNQTWFFPLS KT 
FTLMLGGEVG IAGGYGRTKE I PFFENFYGGGLGS VRGYESGTLGPKVYDE YGEKI S YG 

GNKKANVSAELLFPMPGAKDARTVRLSLFADAGSVWDGRTYTAAENGNNKSVYSEN^ 

KSTFTNEIiRYSAGGAVTWLS PLGPMKFI YAYPLKKKPEDEIQRFQFQLGTTF " 
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1 atgaaactga aacagattgc ctccgcactg atgatgttgg gcatatcgcc tttggcattt 
61 gccgacttca ccatccaaga catccgtgtc gaaggcttgc agcgtaccga gccgagcacc 
121 gtattcaact acctgcccgt caaagtcggc gacacctaca acgacacaca cggcagtgcc 
181 atcatcaaaa gcctgtacgc caccggtttc tttgacgacg tacgagtcga aactgcggac 
241 gggctgcttc tgctgaccgt tatcgtatgc cctaccatcg gctcgctcaa catcaccggc 
301 gccaaaatgc tgcagaacga cgccatcaag aaaaacctcg aatcgttcgg gctggcgcag 
361 tcgcaatact ttaatcaggc gacactcaac caggcagtcg ccggcctgaa agaagaatat 
421 ctcgggcgcg gcaaactcaa tatccaaatc acgcccaaag taaccaaact cgcccgcaac 
481 cgcgtcgaca tcgacatcac gattgacgag ggcaaatccg ccaaaatcac cgacatcgaa 
541 tttgaaggca accaagtcta ttccgaccgc aaactgatgc ggcagatgtc gctgaccgaa 
601 ggcggcattt ggacatggct gacacgaagc gaccggttcg accgccagaa attcgcccaa 
661 gacatggaaa aagtaaccga cttctaccag aacaacggct acttcgattt ccgtatcctc 
721 gataccgaca tccaaaccaa cgaagacaaa accaggcaga ccatcaaaat caccgtccac 
781 gaaggcggac gtttccgctg gggcaaagtg tcgattgaag gcgacaccaa cgaagtcccc 
841 aaggccgaac tggaaaaact gctgaccatg aagcccggca aatggtacga acgccagcag 
901 atgaccgccg ttttgggtga gattcagaac cgcatgggct cggcaggcta cgcatacagc 
961 gaaatcagcg tacagccgct gccgaacgcc ggaaccaaaa ccgtcgattt cgtcctgcac 
1021 atcgaaccgg gcagaaaaat ctacgtcaac gaaatccaca tcaccggcaa caacaaaacc 
1081 cgcgacgaag tcgtgcgccg cgaattgcgc caaatggaat ccgcgcctta cgacacctcc 
1141 aagctgcaac gctccaaaga gcgcgtcgag cttttgggct acttcgacaa cgtacagttt 
1201 gatgccgtcc cgcttgccgg tacgcccgac aaagtcgatt tgaacatgag cctgaccgaa 
1261 cgttccaccg gctcgctcga cttgagcgcg ggctgggttc aggataccgg cttggtcatg 
1321 tccgccggcg tatcgcagga caacctgttc ggtacgggca agtcggccgc cctgcgcgcc 
1381 tcgcgaagca aaaccacgct caacggctcg ctgtcgttta ccgacccgta cttcacggca 
1441 gacggggtca gcctgggcta cgatatttac ggaaaagcct tcgacccgcg caaagcatcg 
1501 accagcgtca aacaatataa aaccaccacc gccggcggcg gcgtaaggat gggtatcccc 
1561 gttaccgaat acgaccgcgt caatttcggg ctggcggcgg aacacctgac cgtcaacacc 
1621 tacaacaaag cacccaaacg ctatgccgac tttatcaaac aatacggcaa aaccgacggc 
1681 gcagacggca gcttcaaagg cctgctgtac aaaggcactg tcggctgggg gcgcaacaag 
1741 accgacagcg ccttatggcc gacgcgcggc tacctgaccg gcgtaaatgc cgaaatcgcc 
1801 ctgcccggca gcaaactgca atactactcc gccacccaca accaaacctg gttcttcccc 
1861 ttaagcaaaa ccttcacgct gatgctcggc ggcgaagtcg gcattgcggg cggctacggc 
1921 agaaccaaag aaatcccctt ctttgaaaac ttctacggcg gcggcctggg ttcggtgcgc 
1981 ggctacgaaa gcggcacgct cggcccgaaa gtgtatgacg aatacggcga aaaaatcagc 
2041 tacggcggca acaaaaaagc caacgtctcc gccgagctgc tcttcccgat gcccggtgcg 
2101 aaagacgcac gcaccgtccg cctgagcctg tttgccgacg caggcagcgt gtgggacggc 
2161 agaacctata ccgccgccga aaacggtaac aacaaatcgg tttactcgga aaacgcgcat 
2221 aaatccacct ttaccaacga attgcgctat tccgccggcg gcgcggttac ctggctctcg 
2281 cctttgggcc cgatgaaatt catctacgcc tacccgctga agaaaaaacc ggaagacgaa 
2341 atccaacgct tccaattcca gctcggcacg acgttctaa 



PldAl homolog in Neisseria gonorrhoeae 
Source: u. of Oklahoma sequencing project 
PldAl -like coding sequence: 

>GONOCTG01_15 Continuation (15 of 22) of gonoctgOl from base 1400001 
ATGAATACACGAAATATGCGCTATATTCTTT^ 
TTTGGAGAGACCGCGCTGCAATGCGCCGCTTTGACGGACAATGTT^ 
TACGACAGGATTTTTGCGGCACAGCT 

AAAGCCGTACTCAATCTGACGGAAACCGTCCGCAGCAGCTTGGATAAGGGCGAGGCGGTC 
ATTGTTGTTGAAAAAGGCGGGGATGCGCTTCCTGCCGACAGTGCGGGCGAAACCGCCGAT 
ATCTATACGCCnTTGAGCCTGATGTACGA 

GGCGTACGCGAACACAATCCGATGTACCTTATGCCGTTTTGGTATAACAATTCGCCCAAC 

TATGCCCCGAGTTCGCCGACGCGCGGTACGACTGTACAGGAAAAATTCGGACAGCAGAAA 

CGTGCGGAAACCAAATTGCAGGTTTCGTTC 

ACCCGCGCGGATCTGTGGTTCGGCTACACCCAAAGATCCGATTGGCAGATTTACAACCAA 
GGCAGGAAATCCGCGCCGTTCCGCAATACGGATTACAAACCTGAAATTTTCCTGACCCAG 

cctgtgaaggcggatttgccgttcggcggcaggct 

caccagtccaacggacagagccgtcccgaatcgcgttcgtggaacaggatttatgccatg 
gcaggcatggaatggggcaaattgacggtgattcx:gcgcgtgtgggtgcgtgcgttcgat 
cagagcggcgataaaaacgacaatcccgatattgccgactatatggggtatggcgacgtg 
aagchxscagtaccgcctgaacgac^^ 

AAAACGGGCTACGGCGCGATTGAAGCCGCCTACACGTTTCCGATTAAGGGCAAACT 
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GGCGTGGTACGCGGATTCCACGGTTACGGCGAGAGCCTGATCXjACTACAACCACAAGCAG 
AACGGTATCGGTATCGGGTTGATGTTCAACGACTGGGACGGCATCTGA 

PldAl-like amino acid sequence 

MNTRNMRYILLTGLIJTASAFGETALQCAALTDNVTO 
TVRSSLDKGEAV 

IWEKGGDALPADSAGETADIYTP^ 
RGTTVQEKFGQQK 

RAETKLQVSFKSKIAENIJ^TRADLWFGYTQRSDWQIYNQG 
GRLRMLGAGFV 

HQSNGQSRPESRSWNRIYAMAGMEWGKLTVIPRV^ 
KTGYGAIEAAYTFPIKGKLKG^^ 

1000 base pairs upstream PldAl-like sequence (usuable for replacing the promoter for a stronger sequence) 
>GONOCTG01_15 Continuation (15 of 22) of gonoctgOl from base 1400001 
TTTTGGCTTCCAGCGTT^ 
CTTTTTTAAAGTCTTCGACCGTACTCTCG^ 

GAGTATCGGTGGCAGCGGCTTCGGCATTGGCAGCAGGTGCGCTGCCTGCTTGAGGCT 

CGGC GT 1 1 ll ll'CGCTGCCGCCGCAGGCTGCCAGAGACAGCGCGGCCAAAACGGCTAATA 

CGGA1 1 1 1 i iCATACGGGCAGATTCCTGATGAAAGAGGTTGGAAAAAAAGAAAACCCCGC 

GCCCCATAAACACCCCGGCGCAAGGTTTGGGTATTGTAAAGTAAATTTGTGCAAACTCA^ 

AGCGATATTGGCCTGATTTTCCTAAAAAATTACCCTGTTTCC 

GCCGCCCGATTTTGCCGTTTTTTTGCGCCGTCAGGGTC^ 

AAGGCTTGCATATAATGTAAACCCCCTTTAAAATTGCGCGTTT 

TTCAGGAGATTCCAATATGGCAAACAGCGCACAAGCACGCAAACGTGCCCGCCAGTCCGT 
CAAACAACGCGCCCACAACGCTAGCCTGCGTACCGCATTCCGCACCGCAGTGAAAAAAGT 

attgaaagcagtcgaagcaggk:gataaagctgccgcacaagcggtttaccaagagtccgt 

CAAAGTCATCGACCGCATCGCTOACAAAGGCGTGTTTCATAAAAACAAAGCGGCTCGCCA 

CAAAAGCCGCCTGTCTGCAAAAGTAAAAGCACTGGCTTGATTm 

CGGTTGATACGCGATAAGCGGAAAACCCTGAAGCCCGACGGTTTCGGGGTTTTCT 

TCGGGGGTAAAGTTCGAAATGGCGGAAAGGGTGCGGTTTTTTATCCGAATCCGCT 

ATGCCGTTTGAAAACCAATATGCCGACAATGGGGGCGGAG 



Preferred gonococcal genes to downregulate via process a) include one or more of the 
following: 



Neisseria gonorrhoeae iron-regulated outer membrane protein preFrpB 

(frpB) gene, complete cds . 
ACCESSION U13980 
VERSION U13 980.1 GI: 833694 

Source: Neisseria gonorrhoeae/ strain="FAl 9" 

gene= n frpB« coding sequence: 318.. 2459 

/protein_id=s" AAC43332.l " 

/db_xref ="GI : 833695" 

/translation^ "MNAPFPRLSLLSLTIiAAGFAHAAENNANVALDTVTVKGDRQGSK 
IRTNIVTLQQKDESTATDMRELLKEEPS IDFGGGNGTSQFLTLRGMGQNSVDI KVDNA 
YSDSQ IL YHQGRFI VDPALVKWSVQKGAGSASAG IGATNGAI IAKTVDAQDLLKGLD 
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KNWGVRI^SGFAGNNGASYGASWGKEGNFDGLFSYNRITOEKDYEA 
VPYSALDKRSYLAKIGTTFGDGDHRIVLSHMKDQHRGIRTVI^EFAVSEKN'SRITIKR 
QAPSYRETTQSNTNLAYTGKDLGFVEKLDANAYVLEKKRYSM 
TRIATRSMNFNFDSRLAEQTLLKYGINYRHQEI^ 

NRENEKIAKAYRLTNPTKTDTGAYIEAIHEIDGFTLTGGLRYDRFKVKTHDGKW 

SLNPSFGVIWQPREHWSFSASHl^AGRSPRLYDALQTHGKRGIISIADGTKAERAROT 

EIGFNYNDGTFAANGSYFRQTIKDALANPQNRHDSVAVREAVNAGYIKNH 

RTGGLTAKVGVSHSKPRFYDTHKDKLLSANPEFGAQVGRTWTASLAYRFKNPNIiEIGW 

RGRYVQKAVGSILAAGQKDRDGKLENVVRQGFGVNDVFANWKPLGro 

FDKFYYPHSQRWTNTLPGVGRDVRLGVNYKF » 

1 aaaccggtac ggcgttgccc cgccttagct caaagagaac gattccctaa ggtgctgaag 

61 caccgagtga atcggttccg tactatttgt actgtctgcg gcttcgccgc cttgtcctga 
121 tttttgttag tccacatata catttccgac aaaacctgtc aacaaaaaac aacgcttcgc 
181 aaataaaaac gataatcagc tttacacaac ccccccccgc taatataaac aaaaataatt 
241 attattattt tttcttatcc tgccaaacct taacggtttg gcttaacttc ccttcataca 
301 ctcaaaagga cgaacaaatg aacgccccgt ttttccgcct cagcctgctc tcgctcacac 
361 ttgccgccgg ctttgcccac gcggcagaaa ataatgccaa tgtcgcattg gataccgtta 
421 ccgtaaaagg cgaccgccaa ggcagcaaaa tccgtaccaa catcgttacg cttcaacaaa 
481 aagacgaaag caccgcaacc gatatgcgcg aactcttaaa agaagagccc tccatcgatt 
541 tcggcggcgg caacggcacg tcccaattcc tgacgctgcg cggtatgggt cagaactctg 
601 tcgacatcaa ggtggacaac gcctattccg acagccaaat cctttaccac caaggcagat 
661 ttattgtcga tcccgctttg gttaaagtcg tttccgtaca gaaaggcgcg ggttccgcct 
721 ctgccggtat cggcgcgacc aacggcgcga tcatcgccaa aaccgtcgat gcccaagacc 
781 tgctcaaagg cttggataaa aactggggcg tgcgcctcaa cagcggcttt gccggcaaca 
841 acggcgcaag ctacggcgca agcgtattcg gaaaagaggg caacttcgac ggtttgttct 
901 cttacaaccg caacgatgaa aaagattacg aagccggcaa aggtttccgc aatgacaacg 
961 gcggcaaaac cgtaccgtac agcgcgctgg acaaacgcag ctacctcgcc aaaatcggaa 
1021 caaccttcgg cgacggcgac caccgcatcg tgttgagcca tatgaaagac caacaccggg 
1081 gcatccgcac tgtgcgtgaa gagtttgccg tcagcgaaaa aaattcacgg ataactatta 
1141 aacgccaagc cccatcctac cgcgaaacca ctcaatccaa caccaacttg gcgtacaccg 
1201 gcaaagattt gggctttgtc gaaaaactgg atgccaacgc ctatgtgttg gaaaagaaac 
1261 gctattccgc cgatgacaaa gataacggct acgcaggcaa tgtaaaaggc cccaaccata 
1321 cccgaatcgc cactcggagt atgaacttca acttcgacag ccgccttgcc gaacaaaccc 
1381 tgttgaaata cggcatcaac taccgccatc aggaaatcaa accgcaagcg tttttgaact 
1441 cggaatttga aataaaagat aaagaaaaag caactaatga agagaaaaag aagaaccgtg 
1501 aaaatgaaaa aattgccaaa gcctaccgcc tgaccaaccc gaccaaaacc gataccggcg 
1561 cgtatatcga agccattcac gagattgacg gctttaccct gaccggcggg ctgcgttacg 
1621 accgcttcaa ggtgaaaacc cacgacggca aaaccgtttc aagcagcagc ctcaacccga 
1681 gtttcggcgt gatttggcag ccgcgcgaac actggagctt cagcgcgagc cacaactacg 
1741 ccggccgcag cccgcgcctg tatgacgctc tgcaaaccca cggcaagcgc ggcatcatct 
1801 cgattgccga cggcacgaaa gccgaacgcg cgcgcaatac cgaaatcggc ttcaactaca 
1861 acgacggcac gtttgccgca aacggcagct acttccggca gaccatcaaa gacgcgcttg 
1921 ccaatccgca aaaccgccac gactccgtcg ccgtccgcga agccgtcaac gccggctaca 
1981 tcaaaaacca cggttacgaa ttgggcgcgt cctaccgcac cggcggcctg accgccaaag 
2041 tcggcgtaag ccacagcaaa ccgcgctttt acgatacgca caaagacaag ctgttgagcg 
2101 cgaaccctga atttggcgca caagtcggcc gcacttggac ggcctccctt gcctaccgct 
2161 tcaaaaaccc gaatctggaa atcggctggc gcggtcgtta tgttcaaaaa gccgtgggtt 
2221 cgatattggc ggcaggtcaa aaagaccgcg acggcaaatt ggaaaacgtt gtacgccaag 
2281 gtttcggtgt gaacgatgtc ttcgccaact ggaaaccgct gggcaaagac acgctcaatg 
2341 ttaatctttc ggttaacaac gtgttcgaca agttctacta tccgcacagc caacgctgga 
2401 ccaataccct gccgggcgtg ggacgtgatg tacgcctggg cgtgaactac aagttctaaa 
2461 acgcacatcc cgaaaaaatg ccgtctgaaa gcctttcaga cggcatctgt cctgataatt 
2521 tgatatatag tggattaaca aaaaccggta cggcgttgcc ccgccttagc tcaaagggaa 
2581 cgattcccta aggtgctgaa 
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N. gonorrhoeae structural gene for gonococcal protein III (Pin) 

ACCESSION X05105 

VERSION X05105.1 GI:44889 

source :Neisseria gonorrhoeae/d^xref^taxon^eB" 
Gene PHI coding sequence: 103.. 813 
/protein id~" CAA28752 . 1 " 
/db_xref="Gl: 44890" 
/db_xref="SWISS-PROT;P07050" 

/ trans 1 a t i on= " MTKQLKLSAL WALLASGTAVAGEAS VQGYTVSGQSNE I VRNNY 
GECWKNAYFDKAS QGRVECGDAVAVPEPEPAPVAVVEQAPQYVDETI SLSAKTLFGFD 
KDSLRAEAQDNLKVLAQRLSRTOTQSTO^ 

SNGVPASRI SAVGLGESQAQMTQVCQAEVAKLGAKASKAKKREAL I ACIEPDRRVDVK 

IRS I VTRQ WPARNHHQH " 

1 gaattcctat ccgatttgcc gccatgtttc tacagcggcc tgtatgttgg caattcagca 

61 gttgcttctg tatctgctgt acaaatctaa tgagggaata aaatgaccaa acagctgaaa 
121 ttaagcgcat tattcgttgc attgctcgct tccggcactg ctgttgcggg cgaggcgtcc 
181 gttcagggtt acaccgtaag cggccagtcg aacgaaatcg tacgcaacaa ctatggagaa 
241 tgctggaaaa acgcctactt tgataaagca agccaaggtc gcgtagaatg cggcgatgcg 
301 gttgccgtcc ccgagcccga acccgcgcct gtcgccgttg tggagcaggc tcctcaatat 
361 gttgatgaaa ccatttccct gtctgccaaa accctgttcg gtttcgataa ggattcattg 
421 cgcgccgaag ctcaagacaa cctgaaagta ttggcgcaac gcctgagtcg aaccaatgtc 
481 caatctgtcc gcgtcgaagg ccataccgac tttatgggtt ctgaaaaata caatcaggct 
541 ctgtccgaac gccgcgcata cgtagtggca aacaacctgg tcagcaacgg cgtacctgct 
601 tctagaattt ctgctgtcgg cttgggcgaa tctcaagcgc aaatgactca agtttgtcaa 
661 gccgaagttg ccaaactggg tgcgaaagcc tctaaagcca aaaaacgtga ggctctgatt 
721 gcatgtatcg aacctgaccg ccgcgtagat gtgaaaatcc gcagcatcgt aacccgtcag 
781 gttgtgccgg cacgcaatca tcaccaacac taaggctagg taatatcttg ccgatgcatg 
841 aggttagcgg attttgtacc gggtactgtt gcaatattog tgaaacgtcg gccggtatcg 
901 atgatgtgaa acaaaccccg cttttgcggg gtttgttttt ttgggtggtt ttctgaaacg 
961 gctatcgtca gaatcggggt gcaggttcgg attcggattc agattcatgt ttgtgtccca 
1021 ttgccgcgct ttatagtgga ttaacaaaaa tcaggacaag gcgacgaagc cgcagacagt 
1081 acaatagtac ggcaaggcga ggcaacgccg taccggttta aatttaatcc actatatcgg 
tt: g aaac tct gattttaagg cggtaggatg tgggtttgcc catagcaagg gaatcctttc 
1201 tgtatcaagc cccgaaaggg ataattcata caaattcacg cctttccccc tcattgggaa 
1261 atggatggaa tcgtgcccga tgtgtgcggc actgtatgcc ggatatggtt ttatcatcat 
1321 cccttttcgg ttgaaacccc gcggaattc 



Preferred Pseudomonas aeru gi nosa bleb preparations 

One or more of the following genes (encoding protective antigens) are 
preferred for upregulation via process b): PcrV, OprF, Oprl. They are also preferred as 
genes which maybe heterologously introduced into other Gram-negative bacteria. 

Preferred Moraxella catarrhalis bleb preparations 

One or more of the following genes (encoding protective antigens) are 
preferred for upregulation via process b): OMP106 (WO 97/41731 & WO 96/34960), 
HasR (PCT/EP99/03824), PilQ (PCT/EP99/03823), OMP85 (PCT/EP00/01468), 
lipo06 (GB 9917977.2), lipolO (GB 9918208.1), lipoll (GB 9918302.2), lipol8 (GB 
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9918038.2), P6 (PCT/EP99/03038), ompCD, CopB (Helminen ME, et al (1993) 
Infect. Immun. 61:2003-2010), D15 (PCT/EP99/03822), OmplAl (PCT/EP99/06781), 
Hly3 (PCT/EP99/03257), LbpA and LbpB (WO 98/55606), TbpA and TbpB (WO 
97/13785 & WO 97/32980), OmpE, UspAl and UspA2 (WO 93/03761), FhaB (WO 
99/58685) and Omp21. They are also preferred as genes which may be heterologously 
introduced into other Gram-negative bacteria. 

One or more of the following genes are preferred for downregulation via 
process a): CopB, OMP106, OmpBl, TbpA, TbpB, LbpA, and LbpB. 

One or more of the following genes are preferred for downregulation via 
process c): htrB, msbB and lpxK (most preferably msbB). 

One or more of the following genes are preferred for upregulation via process 
d): pmrA, pmrB, pmrE, and pmrF. 

Many of the above open reading frames and upstream regions are described in 
WO 01/09350 (incorporated by reference herein). 

Preferred Haemophilus influenzae bleb prep arations 

One or more of the following genes (encoding protective antigens) are 
preferred for upregulation via process b): D15 (WO 94/12641), P6 (EP 281673), 
TbpA, TbpB, P2, P5 (WO 94/26304), OMP26 (WO 97/01638), HMW1, HMW2, 
HMW3, HMW4, Hia, Hsf, Hap, Hin47, Iompl457 (GB 0025493.8), YtfN (GB 
0025488.8), VirG (GB 0026002.6), Iompl681 (GB 0025998.6), OstA (GB 
0025486.2) and Hif (all genes in this operon should be upregulated in order to 
upregulate pilin). They are also preferred as genes which may be heterologously 
introduced into other Gram-negative bacteria. 

One or more of the following genes are preferred for downregulation via 
process a): P2, P5, Hif, IgAl -protease, HgpA, HgpB, HMW1, HMW2, Hxu, TbpA, 
and TbpB. 

One or more of the following genes are preferred for downregulation via 
process c): htrB, msbB and lpxK (most preferably msbB). 

One or more of the following genes are preferred for upregulation via process 
d): pmrA, pmrB, pmrE, and pmrF. 

Many of the above open reading frames and upstream regions are described in 
WO 01/09350 (incorporated by reference herein). 
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Preparations of membrane vesicles (blebs) of the invention 

The manufacture of bleb preparations from any of the aforementioned 
modified strains may be achieved by harvesting blebs naturally shed by the bacteria, 
5 or by any of the methods well, known to a skilled person (e.g. as disclosed in EP 
301992, US 5,597,572, EP 11243 or US 4,271,147). For Neisseria, the method 
described in the Example below is preferably used 

A preparation of membrane vesicles obtained from the bacterium of the 
invention is a further aspect of this invention. Preferably, the preparation of membrane 
10 vesicles is capable of being filtered through a 0.22 pm membrane. 

A sterile (preferably homogeneous) preparation of membrane vesicles 
obtainable by passing the membrane vesicles from the bacterium of the invention 
through a 0.22 jim membrane is also envisaged. 

15 Vaccine Formulations 

A preferred embodiment of the invention is the formulation of the bleb 
preparations of the invention in a vaccine which may also comprise a 
pharmaceutically acceptable excipient. 

Vaccine preparation is generally described in Vaccine Design ("The subunit 
20 and adjuvant approach" (eds Powell M.F. & Newman MJ.) (1995) Plenum Press New 
York). 

The bleb preparations of the present invention may be adjuvanted in the 
vaccine formulation of the invention. Suitable adjuvants include an aluminium salt 
such as aluminum hydroxide gel (alum) or aluminium phosphate, but may also be a 

25 salt of calcium (particularly calcium carbonate), iron or zinc, or may be an insoluble 
suspension of acylated tyrosine, or acylated sugars, cationically or anionically 
derivatised polysaccharides, or polyphosphazenes. 

Suitable Thl adjuvant systems that may be used include, Monophosphoryl 
lipid A, particularly 3-de-O-acylated monophosphoryl lipid A, and a combination of 

30 monophosphoryl lipid A, preferably 3-de-O-acylated monophosphoryl lipid A (3D- 
MPL) together with an aluminium salt. An enhanced system involves the combination 
of a monophosphoryl lipid A and a saponin derivative particularly the combination of 
QS21 and 3D-MPL as disclosed in WO 94/00153, or a less reactogenic composition 
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where the QS21 is quenched with cholesterol as disclosed in W096/33739. A 
particularly potent adjuvant formulation involving QS21 3D-MPL and tocopherol in 
an oil in water emulsion is described in WO95/17210 and is a preferred formulation. 

The vaccine may comprise a saponin, more preferably QS2L It may also 
comprise an oil in water emulsion and tocopherol. Unmethylated CpG containing 
oligo nucleotides (WO 96/02555) are also preferential inducers of a TH1 response and 
are suitable for use in the present invention. 

The vaccine preparation of the present invention may be used to protect or 
treat a mammal susceptible to infection, by means of administering said vaccine via 
systemic or mucosal route. These administrations may include injection via the 
intramuscular, intraperitoneal, intradermal or subcutaneous routes; or via mucosal 
administration to the oral/alimentary, respiratory, genitourinary tracts. Thus one 
aspect of the present invention is a method of immunizing a human host against a 
disease caused by infection of a gram-negative bacteria, which method comprises 
administering to the host an immunoprotective dose of the bleb preparation of the 
present invention. 

The amount of antigen in each vaccine dose is selected as an amount which 
induces an immunoprotective response without significant, adverse side effects in 
typical vaccinees. Such amount will vary depending upon which specific immunogen 
is employed and how it is presented. Generally, it is expected that each dose will 
comprise l-lOOfig of protein antigen, preferably 5-50|ug, and most typically in the 
range 5 - 25|ig. 

An optimal amount for a particular vaccine can be ascertained by standard 
studies involving observation of appropriate immune responses in subjects. 
Following an initial vaccination, subjects may receive one or several booster 
immunisations adequately spaced. 

Ghost or Killed Whole cell vaccines 

The inventors envisage that the above modified bacterial strains may not only 
be useful in generating bleb preparations useful in vaccines - they may also be easily 
used to make ghost or killed whole cell preparations and vaccines (with identical 
advantages). Methods of making ghost preparations (empty cells with intact 
envelopes) from Gram-negative strains are well known in the art (see for example WO 
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92/01791). Methods of killing whole cells to make inactivated cell preparations for 
use in vaccines are also well known. The terms 'bleb preparations' and /bleb vaccines' 
as well as the processes described throughout this document are therefore applicable 
to the terms 'ghost preparation' and 'ghost vaccine', and 'killed whole cell 
5 preparation' and 'killed whole cell vaccine', respectively, for the purposes of this 
invention. 
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The examples below are carried out using standard techniques, which are well known and 
routine to those of skill in the art, except where otherwise described in detail. The 
examples are illustrative, but do not limit the invention. 

Example 1: Previously reported examples 

Examples describing: Construction of a Neisseiria meningitidis serogroup B 
strain lacking capsular polysaccharides; Construction of versatile gene delivery 
vectors (the pCMK series) targeting integration in the porA locus of Neisseiria 
meningitidis; Construction of a Neisseiria meningitidis serogroup B strain lacking 
both capsular polysaccharides and the major immunodominant antigen PorA; De- 
regulation of the NspA outer membrane protein production in blebs derived from a 
recombinant Neisseiria meningitidis serogroup B strain lacking functional porA and 
cps genes; Up-regulation of the D15/Omp85 outer membrane protein antigen in blebs 
derived from a recombinant Neisseiria meningitidis serogroup B strain lacking 
functional cps genes but expressing PorA; Construction of versatile promoter delivery 
vectors; Fermentation processes for producing recombinant blebs; Identification of 
bacterial promoters suitable for up-regulation antigens-coding genes; Up-regulation of 
the N meningitidis serogroup B Omp85 gene by promoter replacement; Up-regulation 
of the Hsf protein antigen in a recombinant Neisseiria meningitidis serogroup B strain 
lacking functional cps genes but expressing PorA; Expression of the Green 
Fluorescent Protein in a recombinant Neisseria meningitidis serogroup B strain 
lacking functional cps genes but expressing PorA; Up-regulation of the N 
meningitidis serogroup B NspA gene by promoter replacement; Up-regulation of the 
N meningitidis serogroup B pldA (omplA) gene by promoter replacement; Up- 
regulation of the N meningitidis serogroup B tbpA gene by promoter replacement; 
Up-regulation of the N meningitidis serogroup B pilQ gene by promoter replacement; 
Construction of a kanR/sacB cassette for introducing "clean", unmarked mutations in 
the N meningitidis chromosome; Use of small recombinogenic sequences (43bp) to 
allow homologous recombination in the chromosome of Neisseria meningitidis; 
Active protection of mice immunized with WT and recombinant Neisseria 
meningitidis blebs; and Lnmunogenicity of recombinant blebs measured by whole cell 
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& specific ELISA methods have been described in WO 01/09350 (incoiporated by 
reference herein). 



Example 2: Gonoco ccal blebs expressing Chlamydia trachomatis proteins on its 
surface for use in a vaccine composition 

Both Chlamydia trachomatis and N. gonorrhoeae cause sexually transmitted 
diseases, including urethritis, cervicitis, salpingitis and pelvic inflammatory disease. 
Mixed infection with both CT and GC does occur. Therefore, in the design of a 
vaccine targeting one, or more of these diseases, the possibility to afford protection 
against both organisms with one single formulation creates a technical advantage. 

Protection against N. gono, 

A N. gonorrhoeae OMV vaccine can be obtained from bleb producing 
strain(s) in which the expression of one or several genes have been up and/or down 
regulated. A list of genes encoding N. gonorrhoeae proteins for which it is particularly 
useful to up/down regulate expression is provided above. 

A successful vaccine for the prevention of infection by N. gono may require 
more than one of the following elements: generation of serum and/or mucosal 
antibodies to facilitate complement mediated killing of the gonococcus, and/or to 
enhance phagocytosis and microbial killing by leukocytes such as polymorphonuclear 
leukocytes, and/or to prevent attachment of the gonococci to the host tissues; 
induction of a cell mediated immune response may also participate to protection. 

The potential of a bleb gono vaccine preparation can be evaluated by analyzing 
the induced immune response for serum and/or mucosal antibodies that have 
antiadherence, and/or opsonizing properties, and/or bactericidal activity, as described 
by others (McChesney D et al, Meet, hnmun. 36: 1006, 1982; Boslego J et al: 
Efficacy trialof a purified gonococci pilus vaccine, in Program and Abstracts of the 
24 th Interscience Conference on Antimicrobial Agents and Chemotherapy, 
Whashington, American Society for Microbiology, 1984; Siegel M et al, J. Infect. Dis 
145: 300, 1982; de la Pas, Microbiology, 141 (Pt4): 913-20, 1995). 

A mouse model of genital infection by N. gono has recently been described 
(Plante M, J. Meet. Dis., 182: 848-55, 2000). The efficiency of a bleb gono vaccine 
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could also be evaluated by its ability to prevent or to reduce colonization by N. gono 
in this mouse model of infection. 



Protection against CT 

AGC/CTbleb vaccine can be obtained from a strain expressing one or several 
Chlamydia genes, preferably selected from the above list of genes encoding predicted 
outer membrane proteins. 

Other genes of interest for overexpression in Neisseria are C trachomatis 
genes for which no homolog has been found in C. pneumoniae. Such a set of genes 
has been described in Richard S. : p:9-27, Stephens Stephens Ed. ASM Press, 
Washington DC, Chlamydia: Intracellular Biology, Pathogenesis, and Immunity 
ISBN: 1-55581-155-8 pages: 380. 

Most preferred combinations of Chlamydia trachomatis genes are as follows: 
Major outer membrane protein MOMP (from one or several different serovars) and 
die Outer membrane Protein Analog (also known as PorB), MOMP (from one or 
several different serovars) and the Putative Outer Membrane Protein G (pmpG); & 
PorB and pmpG. 

Although the immunity to CT is not fully understood, there is evidence that Ab 
play a role in protection. Ab to CT in genital fluids have been associated with 
immunity to CT (Brunham RC, Infect Immun. 1983 Mar;39(3):1491 T 4.). A protective 
role of serum antibody in immunity to chlamydial genital infection has also been 
shown (Rank RG, Infect Immun. 1989 Jan;57(l):299-301.). Antibodies, e.g. MOMP 
specific antibodies, have been shown to be capable to neutralize CT infection in vitro 
and in vivo (Caldwell et al. 1982 Infect. Immun. 38: 745-54, Lucero et al, 1985, 
Infect. Immun. 50: 595-97, Zhang et al. 1987 J. Immunol. 138: 575-581). The MOMP 
surface antigen of CT has been shown to bear non linear surface epitopes which are 
target of neutralizing antibodies (Fan J, J. Meet Dis 1997, 176(3):713-21). 

Thus, an important objective in the design of a protective chlamydia vaccine 
includes the identification of formulation(s) of the CT antigens able to optimize the 
induction of a chlamydia specific antibody responses. Optimization of the Ab 
response includes targeting to the genital mucosa, and/or presentation of properly 
folded Chlamydia antigens, and/or combination of several antibody targets. 



65 



WO 02/062380 PCT/EP02/01356 

Mucosal targeting of the immune response to Chlamydia antigen can be 
achieved by mucosal administration of the vaccine. Intranasal administration of a 
outer membrane vesicle vaccine can induce persistent local mucosal antibodies and 
serum antibodies with strong bactericidal activity in humans. 

For certain B cell epitopes, such as non linear epitopes, the presentation of the 
antigen to the immune system in a properly folded manner is critical. A bleb vaccine 
prepared from a strain expressing Chlamydia antigen(s) offers to chlamydia OMP an 
outer membrane environment which can be critical to maintain these antigens in a 
properly folded structure. 

Combination of several antibody targets can create an increased efficacy by 
tackling the infection at different steps of the life cycle of the bacteria, such as 
adhesion to the host cell, internalization by the host cell and/or interference with 
further steps of the intracellular development. 

The induction and recruitement of Thl cells into the local genital mucosae are 
important for immunity against Chlamydia. Thus, an important objective in designing 
a protective anti-chlamydia vaccine includes the identification of formulation(s) of CT 
antigen(s) able to optimize the induction of chlamydia speicific Thl cells, and 
preferably recruitment of these cells into the genital mucosae. A bleb vaccine prepared 
from a strain expressing chlamydia antigen(s) can induce a chlamydia specific CMI 
response. Antigen-specific T-cell responses can be induced in humans after intranasal 
immunization with an outer membrane vesicle vaccine. 

A particular advantage of a GC/CT bleb vaccine is its capability to induce both 
Ab and CMI responses. 

The efficacy of the GC/CT bleb vaccine can be evaluated by its ability to elicit 
Ag or CMamydia-specific Ab and/ot CMI responses. Ab responses can be evaluated 
by classical techniques such as ELISA or western blot. Preferably, the induced 
antibodies can neutralize the infectivity of Chlamydia in an in vitro assay (Byrne G. et 
al. (J Infect Dis. 1993 Aug;168(2):415-20). Preferably, the CMI response is biased 
toward the Thl phenotype. A Thl biased immune response can be assessed by 
elevated antigen-specific IgG2a/ IgGl ratios in mice (Snapper et al. 1987, Science 
236:944-47). Elevated ratio of Thl/Th2 cytokine, e.g. elevated IFN-gamma/IL-5, ratio 
upon in vitro restimulation of immune T cells with the antigen(s) can also indicate 
such a biased Thl response. 
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The ability of the formulation to elicit Ag specific mucosal Ab is of particular 
interest, and can be demonstrated by detection of antibodies, such as IgG and/or IgA 
in mucosal fluids, such as genital tract secretions, vaginal lavages. To this end, certain 
route of administration of the vaccine may be particularly desired such as intranasal, 
oral, intravaginal, intradermal, deliveries. 

The efficacy of the GC/CT bleb vaccine can be evaluated by its ability to 
induce protection against a Chlamydia challenge in animal model(s). Examples of 
such animal models have been described in the literature: genital infection with MoPn 
in mice (Barron et al. J..Infect. Dis. 1 143:63-66), genital infection with human strains 
in mice (Igietseme et al.2000, Infect, hnmun. 68:6798-806, Tuffrey et al. 1992 J. Gen. 
Microbiol. 138: 1707-1715), Tuffrey), genital infection with GPIC strain in guinea 
pigs (Rank et al. 1992 Am. J. Pathol. 140:927-936). Protection against infection can 
be assessed by reduction of shed Chlamydia from the infected site and/or reduction of 
the histopathological reactions after a challenge infection in immunized animals. 

The advantage of combining two or more Chlamydia antigens (as described 
above) can be evaluated by one or more of the following techniques: 

> Ability to elicit a multi-target Ab and/or T cell protective response 

> Ability to elicit Ab titers in an in vitro neutralizing assay, and/or neutralizing Ab 
against multiple strains (antigenically distinct) 

> Ability to elicit a protective immune response against Chlamydia in a mouse 
model of genital infection as assessed by reduced shedding of bacteria and/or 
pathology after challenge. 



Example 3: Expression of heterologo us antigens (Clamvdia trachomatis MQMP and 
PorB) in blebs derived from a recomb inant Neisseiria meningitidis seroeroup B strain 
lacking functional vorA and cos genes. 

Other genes of interest for over-expression in Neisseria are Chlamydia 
trachomatis genes for which no homologue has been found in Chlamydia 
pneumoniae. Among those, the major outer membrane protein (MOMP) and the outer 
membrane protein analog (PorB) have been shown to play a protective role against 



67 



WO 02/062380 PCT/EP02/01356 

chlamydial genital infection. Optimization of the Ab response could be achieved by 
presentation of properly folded proteins. 

MenB bleb vesicles may be used as delivery vectors to express heterologous 
membrane protein antigens under the control of the engineered porA-lacO promoter 
described in WO 01/09350. Expressed in the bleb context, recombinant MOMP and 
PorB from Chlamydia trachomatis serovar D and K can be correctly folded in the 
membrane and exposed at the surface. Neisseiria meningitidis strains lacking 
functional cps genes are advantageously used as recipient strains to express the 
heterologous antigens (WO 01/09350). 

PCR amplifications of the genes codine for MOMP (Chlamydia trachomatis). 
Murine McCoy cells (ATCC) infected either, with Chlamydia trachomatis Serovar K 
(UW31-CX-serK), or Serovar D (UW31-CX-serD), were lysed in 400ul of lysis 
buffer: 50mM KC1, lOmM Tris-HCl pH 8.3, 2.5mM MgC12, 0.45% Nonidet P40, 
0.45% Tween 20 containing 60ug/ml proteinase K, 3 hours at 56°C. Ten ul of the 
lysate were used as template to amplify the corresponding genes. The gene coding for 
MOMP (Serovar K) (SEQID N°l below) was PCR amplified using the 
CYK/OMP/ 5/NDE and CYKD/OMP/3/BG oligonucleotide primers (see table 1). The 
gene coding for MOMP (Serovar D) (SEQID N°2 below) was PCR amplified using 
the CYD/OMP 1 5/NRU and CYKD/OMP/3/BG oligonucleotide primers (see table 1). 
The conditions used for PCR amplification were those described by the supplier (HiFi 
DNA polymerase, Boehringer Mannheim, GmbH). Thermal cycling was the 
following: 25 times (94°C lmin., 52°C lmin., 72°C 3min.) and 1 time (72°C lOmin., 
4°C up to recovery). The corresponding amplicons (1 194bp) were digested with either 
NdeVBgm or NruUBglE restriction enzymes and can be cloned in the corresponding 
restriction sites of pCMK (+) delivery vector (as described in WO 01/09350). 

PCR amplifications of th e genes coding for PorB (Chlamydia trachomatis). 
Murine McCoy cells (ATCC) infected either, with Chlamydia trachomatis Serovar K 
(UW31-CX-serK), or Serovar D (UW31-CX-serD), were lysed in 400ul of lysis 
buffer: 50mM KC1, lOmM Tris-HCl pH 8.3, 2.5mM MgC12, 0.45% Nonidet P40, 
0.45% Tween 20 containing 60ug/ml proteinase K, 3 hours at 56°C. Ten ul of the 
lysate were used as template to amplified the corresponding genes. 
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PorB sequences are highly conserved amongst serovar D and K (SEQED N°3 below). 
The same primers were used to amplify the corresponding genes in both serovars: 
CYD/PORB/5/NRU and CYD/PORB/3/BG (see table 1). The conditions used for 
PCR amplification were those described by the supplier (HiFi DNA polymerase, 
5 Boehringer Mannheim, GmbH). Thermal cycling was the following: 25 times (94°C 
lmin., 52°C lmin., 72°C 3min.) and 1 time (72°C lOmin., 4°C up to recovery). The 
corresponding amplicons (1035bp) were digested with NruVBglR restriction enzymes 
and can be cloned in the corresponding restriction sites of pCMK (+) delivery vector 
(as described in WO 01/09350). 

10 

Transformation 

Linearized recombinant pCMK plasmids can be transformed within a Neisseria 
meningitidis serogroup B strain lacking functional cps genes (described in WO 
01/09350). Integration resulting from a double crossing-over between the pCMK 
15 vectors and the chromosomal porA locus can be selected by a combination of PCR 
and Western Blot screening as described in WO 01/09350. 



Table 1: Oligonucleotides used in this work 



Oligonucleotides 


Sequence 


Remark (s) 


CYK/OMP/5/NDE 


5'-GGG AAT CCA TAT GAA AAA ACT 
CTT GAA ATC GG-3' 


Ndel cloning 
site 


CYKD/OMP/3/BG 


5'-GGA AGA TCT TTA GAA GCG GAA 
TTG TGC AT- 3' 


Bgl II cloning 
site 


CYD/OMP/5/NRU 


5'-CTG CAG AAT CGC GAA TGA AAA 
AAC TCT TGA AAT CGG-3' 


Nrul cloning site 


CYD/POR/5/NRU 


5'-CTG CAG AAT CGC GAA TGA GTA 
GCA AGC TAG TGA AC- 3 ' 


Nrul cloning site 


CYD/POR/3/BG 


5'- AGG AGA TCT TTA GAA TTG GAA 
TCC TCC GG-3' 


Bgl II cloning 
site 



20 SEQIDN 0 1: 

Nucleotide sequence of DNA coding for Chlamydia trachomatis MOMP 
serovar K protein. 

atgaaaaaactcttgaaatcggtattagtat^ 
25 tcctgctgaaccaagccttatgatcgacggaattctgtgggaaggmcggcggagatccttgcgatccttgcaccactt 
ggtgtgacgctatcagcatgcgcgttggttac^ 

gaatttcagatgggagcggcgcctactaccagcgatgtagaaggcttacaaaacgatccaacaacaaatgttgctcgtcc 

SUBSTITUTE SHEET (RULE 26) 
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aaatcccgcttatggcaaacacatgcaagatgctgaa^ 
gtmgatgtatmgtacattgggagcaactaccggttatttaagaggaaactccgcttc^ 
ttcggaacaaaaacacaatattctaagtttaatacagc^^ 
gcmatacagacaccaccWgcttggagcgtaggtgctcgtgcagctctctgggaatgt^^ 
cttcmccaatatgctcaatctaaacct^ 
aagccgaaaggatatgttggggtggaamrcactt^^^ 
ctctattgactacxatgagtggcaagcaagmag 

aatggtctagagtaagtmgatgccgacacgatccgtatcgctcagcctaaattggctgaa 
actctaaacccgaccatcgctggtaaaggag 

cgmccttgcagttgaacaagctgaaatctagaaaatcttgcggtattgcagtaggaacgact^^ 
aatacgcagttacagttgagactcgcttgatcgatgagagagcagctcacgtaaatgcacaatt^ 

SEQIDN 0 2: 

Nucleotide sequence of DNA coding for Chlamydia trachomatis MOMP serovar D 
protein. 

atgaaaaaactcttgaaatcggtattagtamgccgcmgagttctgcttcctcctt 
tcctgctgaaccaagcctotgatcgacggaa 

ggtgtgacgctatcagcatgcgtgttggttactacggagacmgtmcgaccgtgt^ 

gaamcagatgggtgccaagcctacaactgatacaggcaatagtgcagctccatccactcttacagc 
tgcttacggccgacatatgcaggatgctgagatgm^ 

atgtattctgtacattaggagccaccagtggatatcttaaaggaaactctgcttcmcaam^ 

gataatgaaaatcaaaaaacggtcaaagcggagtctgtaccaaatatgagcmgatcaatctgtt 

agatactactmgcgtggagcgtcggcgctcgcgcagcmgtgggaatgtggatgtgcaac^ 

aaMgctcaatctaaacctaaagtagaagaattaaacgttctctgcaatgcagcagagtto 

gggtatgtaggtaaggagmcctcttgate^^ 

ttaccatgaatggcaagcaagtttagctctctct^^ 

gagcaagcmgatgccgatacgattcgtatagcccagrc^ 

ccaactattgctggagctggcgatgtgaaaart^ 

attgaacaagatgaaatctagaaaatcttgcggtattgcagtaggaacaactattgtggatgcagac 
cagttgagactcgcttgatcgatgagagagcagctcacgtaaatgcacaattccgcttctaa 

SEQID N°3; 

Nucleotide sequence of DNA coding for Chlamydia trachomatis PorB serovar D 
protein. 

atgagtagcaagctagtgaactatctccgtttgactttcctatctttmagggatcgcatctactt^ 

gcctgcggggaatccggcgmccagtcatcccggggattaatattgaacagaaaaatgcctgtt^ 

attcttatgatgtactatccgcactgjcc^^ 

caggtaaaagatgtccctgtcgttacrt^^ 

aacgcgaaamcgatctcgtgaactgtaatctcaatacaaactgtgtagctgtagctttttccctt^^ 

tgagcgcgattcctctgWgatgtgagtttcgaagtgaaagtaggaggactgaaacaatactaccgcctt^ 

gcctatcgagacttcacctcggaacctctcaattctgaatcagaagttacggacgggatgattgaagtacagtcc^ 

cggatttgtttgggatgttagcttgaaaaaagtcatatggaaagatggcgtttcctttgtaggcgtcg^ 

gccatgcttcttgccctattgactacatcattgc^^ 

aaactgaacttcaaggagtggagtgtc^ 

ttctatagggagtgtttctcgccaagctccggacgacagcttcaaaaaattagaagatcgcttcactaacctcaaattta 
aagttcgtaaaattaccagctctcatcgtggaaacatctgcatcggagcgacaaactatgtcgccgataac^^ 
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aacgtagaaggaagatggggaagccagcgcgctgtgaacgtctccggaggattccaattctaa 



Example 4: Isolation and purification of blebs from menin gococci devoid of capsular 
polysaccharide 

Recombinant blebs can be purified as described below. The cell paste (42gr) is 
suspended in 211 ml of 0.1M Tris-Cl buffer pH 8.6 containing 10 mM EDTA and 
0.5% Sodium Deoxycholate (DOC). The ratio of buffer to biomass should be 5/1 
(VAV). The biomass is extracted by magnetic stirring for 30 minutes at room 
temperature. Total extract is then centrifuged at 20,000g for 30 minutes at 4°C 
(13,000 ipm in a JA-20 rotor, Beckman J2-HS centrifuge). The pellet should be 
discarded. The supernatant is ultracentrifuged at 125,000g for 2 hours at 4°C (40,000 
rpm in a 50.2Ti rotor, Beckman L8-70M ultracentrifiige) in order to concentrate 
vesicles. The supernatant should be discarded. The pellet is gently suspended in 25 
ml of 50 mM Tris-Cl buffer pH 8.6 containing 2 mM EDTA, 1.2% DOC and 20% 
sucrose. After a second ultracentrifugation step at 125,000g for 2 hours at 4°C, 
vesicles are gently suspended in 44 ml of 3% sucrose and stored at 4°C. All solutions 
used for bleb extraction and purification contained 0.01% thiomersalate. As illustrated 
in WO 01/019350, this procedure yields protein preparations highly enriched in outer- 
membrane proteins. 

Example 5: Models for testing protection against gonococcal and C. trachomatis 
infection 

This can be done as described above in Example 2. In addition Whittum- 
Hudson et al. (Vaccine 2001 Jul 16;19(28-29):4061-71) "The anti-idiotypic antibody 
to chlamydial glycolipid exoantigen (GLXA) protects mice against genital infection 
with a human biovar of Chlamydia trachomatis" is a vaginal inoculation model for C. 
trachomatis (incorporated by reference herein) which can also be used to test vaccine 
efficacy. 
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1 . A Gram-negative bacterial bleb presenting on its surface the PorB outer membrane 
protein from Chlamydia trachomatis. 

5 

2. The Gram-negative bleb of claim 1 further presenting on its surface the PmpG 
outer membrane proteins from Chlamydia trachomatis. 

3. The Gram-negative bleb of claim 1 further presenting on its surface MOMP from 
1 0 one or more serovars from Chlamydia trachomatis. 

4. A Gram-negative bleb presenting on its surface both the PmpG and MOMP (from 
one or more serovars) outer membrane proteins from Chlamydia trachomatis. 

15 5. The bleb of claims 1-4 which are gonococcal blebs. 

6. The bleb of claim 5 which has been derived from a gonococcal strain which has 
been modified to upregulate one or more protective gonococcal outer membrane 
antigens. 

20 

7. The bleb of claims 5 and 6 derived from a gonococcal strain which has been 
modified to downregulate one or more immunodominant variable or non- 
protective gonococcal outer membrane antigens. 

25 8. The bleb of claims 5-7 derived from a strain which has a detoxified lipid A portion 
of bacterial LPS, due to the strain having been engineered to reduce or switch off 
expression of one or more genes selected from the group consisting of: htrB, 
msbB and lpxK. 

30 9. The bleb of claims 5-8 wherein the bleb preparation is derived from a strain which 
has a detoxified lipid A portion of bacterial LPS, due to the strain having been 
engineered to express at a higher level one or more genes selected from the group 
consisting of: pmrA, pmrB, pmrE and pmrF. 
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10. A vaccine composition comprising the bleb of claims 1-9 and a pharmaceutical^ 
suitable excipient or carrier. 

11. The vaccine of claim 10, additionally comprising a mucosal adjuvant 

12. A method of preventing Chlamydia trachomatis infection in a host comprising the 
steps of administering an effective amount of the vaccine of claim 10 or 11 to a 
host in need thereof. 

13. The method of claim 12 where in the vaccine is mucosally administered via either 
a intranasal, oral, or intravaginal route. 

14. A Gram-negative bleb presenting on its surface a protective antigen from 
Chlamydia pneumoniae, 

15. A Gram-negative bleb presenting on its surface both the PorB and MOMP outer 
membrane proteins from Chlamydia pneumoniae. 

1 6. A Gram-negative bleb presenting on its surface both MOMP and one or more Pmp 
outer membrane proteins from Chlamydia pneumoniae. 

17. A Gram-negative bleb presenting on its surface both PorB and one or more Pmp 
outer membrane proteins from Chlamydia pneumoniae. 

18. A Gram-negative bleb presenting on its surface both the PorB and Nptl proteins 
from Chlamydia pneumoniae. 

19. A Gram-negative bleb presenting on its surface both Nptl and one or more Pmp 
proteins from Chlamydia pneumoniae. 

20. A Gram-negative bleb presenting on its surface both Nptl and MOMP proteins 
from Chlamydia pneumoniae. 
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21. The bleb of claims 14-20 which are meningococcal blebs. 

22. The bleb of claim 21 derived from a meningococcal strain that has been modified 
to upregulate one or more protective meningococcal outer membrane antigens. 

23. The bleb of claim 21 or 22 derived from a meningococcal strain that has been 
modified to downregulate one or more immunodominant variable or non- 
protective meningococcal outer membrane antigens. 

24. The bleb of claims 21-23 derived from a strain which has a detoxified lipid A 
portion of bacterial LPS, due to the strain having been engineered to reduce or 
switch off expression of one or more genes selected from the group consisting of: 
htrB, msbB and lpxK. 

25. The bleb of claims 21-24 wherein the bleb preparation is derived from a strain 
which has a detoxified lipid A portion of bacterial LPS, due to the strain having 
been engineered to express at a higher level one or more genes selected from the 
group consisting of: pmrA, pmrB, pmrE and pmrR 

26. A vaccine composition comprising the bleb of claims 14-25 and a 
pharmaceutically suitable excipient or carrier. 

27. The vaccine of claim 26, additionally comprising a mucosal adjuvant. 

28. A method of preventing Chlamydia pneumoniae infection in a host comprising the 
steps of administering an effective amount of the vaccine of claim 26 or 27 to a 
host in need thereof. 

29. The method of claim 28 where in the vaccine is mucosally administered via either 
an intranasal, or oral route. 
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